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PREFACE TO THE FOURTH EDITION. 


In this Edition I have adopted the International Atomics 
Weights for 1912, and have accordingly entirely re-calculated 
the gravimetric and volumetric factors, percentage compositions 
of commonly occurring compounds, etc. In all cases the full 
molecular weights, without any reduction, and seven-figure 
logarithms were used, the logarithms being finally reduced to 
five figures, which are sufficient for all practical purposes. The 
above-mentioned tables have been considerably amplified; and 
the gravimetric and volumetrio factors have been printed in 
larger type than heretofore, so as to secure greater ease and 
certainty in’reference. 

The section devoted to Weights and Measures has been 
entirely re-written in accordance with the most decent legislation 
on the subject. It should be noted that the legal Imperial 
Weights and Measures and the Imperial equivalents of Metric 
Weights and Measures are authorized, from time to time, by 
various “Orders in Council/’ Several useful approximations 
have been added. I have pleasure in recording my thanks to 
Major P. A. MacMahon, F.R.S., the Deputy Warden of the 
Standurds, for assistance, kindly rendered in this section. 

In the Water and Sewage section 1 have given a much fuller 
account of the determination of nitrates by the phenol- 
disulphonic acid method, which I have had in use for the past 
twenty-eight years j also an epitome of Chamot, Pratt, and 
Redfield’s method of procedure. I made some comments on 
the latter in The Chemical News, 1911, 104s 235. 

The section dealing with specific rotatory power and cupric 
reducing power of the carbohydrates has again been thoroughly 
revised, and, I believe, brought up to date. I am indebted to 
Dr. E. Frankland Armstrong for kindly examining my revise of 
this portion of the book. 

The Kjeldahl table has been re-calculated and extended. 
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PRHSAOB. 


The tables of constants of oils, fats, and waxes have been 
thoroughly revised. 

Several new tables have been added, amongst which may be 
mentioned the following:— 

The melting points of metals, the coefficients of absorption of 
gases in water, standards for sewage effluents, amounts of dis¬ 
solved oxygen in distilled water, tables showing the deficiencies 
both in non-fatty solids and in fat in rm'lkR in. which these 
are below the minim a allowed, the principal provisions of the 
recently issued Draft of “ The Public Health (Milk and Cream) 
Regulations, 1912,” eta 

It should be stated that in all cases where a factor does not 
exactly correspond to a seven-figure logarithm, the logarithm 
should be used where the highest accuracy is desired 


24 PaBKDALE, 'WOLVBBHAliPTOtf, 
May 1912. 


A. E. JOHNSON. 
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CORRIGENDUM. 


Page 23, liue 13 from bottom, jor 5-92436, read 5-92432. 
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ANALYST’S LABORATORY COMPANION. 


THE INTERNATIONAL ATOMIC WEIGHTS FOE 1912 

(USED TH-ROUQHOUT this wosk). 


0 = 16 . 


Aluminium 


. A1 27-1 

Antimony . 


. Sb 120-2 , 

Argon 


. A 89-88 

Arseuio 


. As 74-96 

Barium 


. Ba 137-87 

Bismuth 


. Bi 208 

Boron 


. B 11 

Bromine . 


. Br 79 92 

Cadmium . 

• , 

. Oil n-2-4 

OeB-dam 


. Oa 18-2-81 

Cab-lam' . 


. Ca 40-07 

Carbon 


. O 12 

Cerium 


. Oe 140-26 

Chlorine . 


. Cl 86-46 

Chromium. 


. Cr 62 

Cobalt 


. Co 68-97 

Columblum 


. Ob 03*6 

Copper 


. Ou 68-67 

Dyaprasium 

Erbium 


. Dy 162-5 
. Kr 167-7 

Europium . 


. Eu 152 

i Fluorine . 


. F 19 

Gadolinium 


. Gd 167-8 

Gallium 


. Ga 09 0 

Germauium 


. Ge 72-5 

Gluoinom . 


. G1 9-1 

Gold . 


. An 197-2 

Helium 


. He 8 -99 

Hydrogen . 


. H 1-008 

Indium 


. In 114"8 

Io <ine 


. I 120-92 

Iridium 


. It 193-1 

Iron . 


. Fe 66 84 

Krypton 


. Kr 82-92 

Lanthanum 


. La 189 

Lead . 


. Pb 207-1 

Lithium . 


. Li 6-04 

Lutecium . 


. Ln 174 

Magnesium 


. Mg 24-82 

Mangauese. 


. Mu 64"98 

Mercury 


. Hg 200*0 


A 


0 = 16 . 


Molybdenum . 


. Mo 96 

Neodymium . 


. Nd 144-8 

Neon 


. Ne 20-2 

Nickel . 


. Ni 68-08 

Niton (radium emanation) Nt 222"4 

Nitrogen . 


. N 14-01 

Osmium . 


. Os 190 9 

Oxygen . 


. O 10 

Palladium 


. Pd 108-7 

Pnoapborus 


. P 81-04 

Platinum 


. Pt 196 2 

Potassium 


. K 89-1 

Praseodymium. 


. Pr 140 6 

Radium . 


. Ra 220 4 

Rhodium 


. Rh 102-9 

Rubidium 


. Rb 86-46 

Ruthenium 


. Ru 101-7 

Samarium 


. Sa 160-4 

Soandium 


. So 44-1 

Selenium. 


. So 79-2 

Silicon . 


. Si 28-8 

Silver 


. Ag 107-88 

Sodium . 


. Na 28 

Strontium 


.Sr 87-68 

Sulphur . 


. S 82 07 

Tanialum 


.Ta 181-6 

Tellurium 


. Te 127-6 

Terbium . 


. Tb 169-2 

Thallium 


. T1 204 

Thorium. 


. Th 282-4 

Thulium . 


. Tml08-6 

Tin. 


. Sn 119 

Titaninm 


. Ti 48-1 

Tungsten 


. W 184 

Cranium. 


. C 288-5 

Vanadium 


. V 61 

Xenon 


. X* 180-2 

Ytterbium (Neoytterbium) Yb 172 

Yttrium . 


. Yt 89 

Zino 


. Zn 65-87 

Zirconium 

. 

. Zr 90-8 
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LOGARITHMIC) TABLHB, 


OOMMOH LOGARITHMS. 


0 

1 

2 

a 

4 

b 

6 

n 

D 

9 

1 2 

8 

4 

5 

6 

7 

8 0 

10 0 

00482 

00830 

01284 

01708 

02119 

02681 

02038 

08342 

08743 








11 04189 

04632 

04922 

05808 

06690 

06070 

06446 

068 L0 

07188 

07565 








12 07918 

08279 

08636 

08001 

00842 

09691 

10087 

10880 

10721 

11069 








18 11894 

11727 

19067 

12885 

12710 

13088 

13854 

18672 

13988 

14801 








14 14618 

14922 

16229 

15584 

16886 

10137 

16485 

16782 

17026 

17810 








16 17009 

17808 

18184 

18460 

18782 

19083 

10812 

10560 

19866 

20140 








13 20412 

20683 

20062 

21210 

21484 

21748 

22011 

22272 

22531 

22780 








17 28046 

23300 

28568 

28805 

24066 

24304 

24551 

24707 

26042 

26285 








18 26627 

26708 

26007 

26245 

26482 

26717 

26051 

27184 

27616 

27646 








19 27876 

28103 

288SO 

20056 

28780 

29008 

£0226 

29447 

29667 

29885 








20 80103 

80320 

80585 

30760 

80903 

81176 

81387 

81507 

31806 

82016 

2112 

64 

85 

106127 

148 

170101 

21 82222 

82428 

92684 

82888 

38041 

83244 

88440 

8E646 

88846 

84044 

20 40 

01 

81 

101121 

141 

102182 

22 84242 

84430 

84086 

84880 

86026 

86218 

85411 

86 QOS 

85798 

86084 

10 80 

68 

77 

97116 

185 

164174 

28 36173 

86861 

86549 

86788 

86022 

87167 

87201 

87476 

87658 

37840 

18 87 

66 

74 

92111 

120 

148166 

24 88021 

88202 

88382 

88661 

88739 

88917 

89094 

89270 

89445 

80620 

18 85 

68 

71 

89106 

124 

142160 

26 89704 

80067 

40140 

40812 

40488 

40664 

40824 

40003 

41162 

41880 

17 84 

61 

68 

85102 

110 

186158 

90 41407 

41664 

41880 

41003 

42130 

42826 

42488 

42651' 

42818 

42075 

1688 

49 

36 

82 

08 

116 

181148 

27 48186 

48207 

48467 

48616 

43776 

48688 

44091 

44248 

44404 

44560 

16 82 

47 

88 

70 

06 

111 

126112 

28 44710 

44871 

46025 

46179 

46382 

45484 

46687 

45788 

45989 

46000 

16 80 

46 

01 

76 

01 

107 

122187 

29 46240 

46889 

46638 

46687 

46SS6 

43082 

47120 

47276 

47422 

47667 

16 20 

44 

50 

74 

83 

108 

118182 


Oohmoh LoflABJiHita - (oontinued). 


47712 47857 48001 48144 48287 
40186 40276 40415 40554 40008 
60615 60061 60786 60020 51066 
61861 61083 62114 62244 62875 
58148 53276 58403 58620 68656 


86 64407 54681 54664 64777 54000 
36 66680 66761 66871 66001 66110 

87 66820 66087 67064 67171 67287 

88 67078 68002 68206 58820 58483 
80 60106 50218 60320 60480 66660 


6 0 78 0 128 


48480 48672 48714 48865 4SO90 142848 
40881 40060 60106 60248 60879 14 2841 
61188 61822 51466 61587 61720 18 2T40 
62604 62684 62738 52802 68020 18 2689 
68782 68008 64088 64158 64288 18 2688 

66028 55146 68237 66888 66600 1224 87 
66229 66848 56437 63688 66708 12 34 86 
67408 67610 67634 57749 67864 12 28 85 
68640 68869 58771 68888 68006 1128 84 
60660 60770 69870 60088 60097 11 22 88 


40 60206 60814 60428 

41 61278 61884 81400 

42 62826 62428 62631 
48 63847 63448 63548 
44 64846 64444 64642 


45 

46 
'47 

48 

40 


66821 66418 
66276.06370 
67210 67302 
08124 68216, 
00020 89108 


65514 

66464 

67304 

68306 

60107 


60681 

61506 

32684 

63649 

34340 

36310 

66658 

67483 

68805 

69285 


60688 60746 60858 
61700 01806 61900 
62787 62880 02041 
68740 68849 68940 
64788 64836 64088 


66706 65801 
66862 66746 
67678 07069! 
63486 68574 
60878 69461 


66896 

66889 

67701 

68664 

69548 

I 


60069 01066 61172 1121 82 
62014 62118 62221 10 2181 
03043 63144:63246 1020 81 
64048 04147i 04246 10 20 80 
66031 6812ffl 66225 102029 


65992 66087 
80932 67025 
67862 67948 
38763 68842 
69036 39723 


63181 101029 
07117 910 28 
68034 91827 

68981 9 1827 
09810 918 26 


456 780 


67 71 86 100114128 
65 69 88 07110124 

68 67 80 04 107120 
6266 78 91104117 
608876 88101118 

40 0178 86 98110 
48 69 71 88 05107 
46 88 60 81 08104 
466668 70 00102 
44 66 66 77 88 90 

43 6464 76 80 97 
42 62 63 78 84 04 

41 61 01 72 82 02 
40 50 30 70 80 00 
304969 68 78 88 

38 48 67 67 70 86 
87 47 60 66 76 84 
B7 40 66 64 73 82j 
80 45 54 63 72 EU 
8644 68 61 70 7fH 


Note .—The tabular logs, of numb an l to 10 are the same u those of 10, 20, 80 eto. 
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COHHOI LOSASITHMB— (oon&wtd). 


0 

1 

1 ' 2 

8 ! 

4 

5 

6 

7 

8 

9 


60 68887 

61 70767 

62 71600 

68 72428 

64 78286 


66 74036 

66 74819 

67 76687 

68 76848 _ 

66 77086 77166 

60 77816 778871 

61 78683 78604] 

62 79239 79300 

68 79034 80003 

64 80618 

81868] 
82020 
82672 
88816 


60984 7007 6 
70842 70927 
71884 .71767 
72600 72691 
78820 78400 

74116 74194 
74806 74974 
76664 76740 
76418, 76402 
77282 
77960 
78678 
79879 
80072 
80764 


66 81291 

06 81964 

67 82607 

68 I 88261 


81426 

82086 

82787 

88878 

84011 


70167 70248 
71012 71090 
71860 71088 
72678 72764 
78480 78600 

74278 74861 
76061 76128 
76816 76801 
70607 70641 
77806 77879 
78082 78104 
78746 78817 
79440 79618 
80140 80209 
80821 80689 
81401 81668 
82161 82217 
82802 82866 
88442 88606 
84078 84186 


70829 70416 
71181 71266 
72010 72090 
72886 72910 
78640 78710 

74429 74607 
76206 76282 
76067 76042 
76716 70790 
77462 77626 

78170 78247 
78888 78968 
79688 79667 
80277 80346 
80956 81023 

81624 31690 
82282 82847 
82930 82996 
88669 88682 
84198 84201 


70601 70686 
71849 71488 
72181 72268 
72997 73078 
78799 78878 

74686 74668 
76358 76486 
76118 70198 
76884 76938 
77697 77070 

78819 78890 
79029 79099 
79727 79796 
80414 80482 
81090 81168 


70672 

71617 

72846 

78169 

78967 

74741 

76611 



77012 

77748 

78462 

79169 

79866 

80660 

81224 


81767 81828 
82418 82478 
88069 88128 
88696 88769 
84828 84886 84448 


81889 

82648 

88187 


91726 
817 26 
817 26 
816 24 
810 24 

816 28 
816 28 
81628 
716 22 
716 22 

71422 
71421 
714 21 
714 21 
713 20 

718 20 
718 20 
01819 
01819 
01219 


84 43 62 
8442 61 
83 4160 
824149 
8240 48 

81 89 47 
81 38 46 
80 3846 
30 8746 
2986 44 

29 3648 
2885 42 
28 86 42 
27 84 41 
27 84 40 

2788 40 
26 3889 
2682 80 
26 82 B8 
268187 


60 007*1 
69 0770 
68 0074' 
67 06 78 
66 0472 

66 08 70 
64 0169 
63 00 08 
62 69 07 

61 68 00 
60 6706 
49 60 04 
49 60 03 
48 66 02 
47 64 01 
46 68 00 
46 62 69 
46 6168 
44 6167 
44 6066 


OOHHOH LCXUJRITHI®^- (ooTUxnuea). 


2 8 


70 84610 84672 

71 86126 86187 

72 86788 86704 

78 88882 86392 

74 86928 86982 


76 
70 

77 

78 

79 

80 
81 
82 
88 

84 

86 

86 

87 

88 
69 


87600 87664 
88081 88188 
88849 88706 
89209 89286 
89788 89818 

90309 90888 
90849 00902 
91381 91434 
91908 01060 
92428 92480 

92942 92998 
68460 98600 
98962 94002 
94448 94468 
64989 94988 


84634 84600 84767 
86248 86300 86370 
85864 86914 86974 
86461 80510 80670 
87040 87099 87167 

87022 87679 87787 
88195 88262 88309 
88702 88818 88874 
80321 89370 89482 
89878 89927 89682 


8 9 1 2 8 4 6 0 


87216 

87796 

88300 


60417 

90066 

91487 

92012 

92681 

93044 

98661 

94062 

94647 

96036 


90472 90626 
91000 91062 
01640 91698 
92065 92117 
62683 92634 

63066 98146 
98001 98861 
94101 94161 
94696 94646 
66086 96184 


84816 84830, 84942 86008 
86481 86401 1 86662 85612 
86084 86094 86163 80213 
80029, 80688 89747 86806 
87274 £7882 87890 

87tf»3ft9J0 87907 
884S&S3480 SS636 
88&d6#^9042 89096 
S3SS»97 -80368 
9OOKCW140 90200 

90634 00687 90741 
91110 91100 01222 91276 
01046 -01898 91761 01808 
92109 92221 92878 92824 
02080 92787 92788 92840 

98107 98247 ^3206 98849 
98702 08762 08802 93862 
94201 94260 94300 94849 
94094 94748 94792 94841 
06182 96281 96279 96828 


89487 

90087. 

90680 


86066 

86678 

80278 

86864 

87448 

88024 

88603 

89164 

80708 

90266 

90796 

91328 

91366 

92870 

92881 


01318 

01218 

61218 

01218 

01217 

01217 
01117 
01117 
01117 
61110 

61116 
61116 
61110 
61010 
61016 


26 8187 
24 30 30 
24 80 36 
24 80 36 
28 29 36 

28 29 86 
28 2834 
22 28 84 
22 28 33 
22 2733 

22 27 82 
2127 82 
21 26 82 
2120 81 
2126 81 


6 1016 20 2680 
98902 6 1016 20 26 80 
5 1016 20 26 80 
61016 20 2629 
61016 19 2429 


94880 

06876 


7 8 9 


48 49 66 
48 49 66 
42 48 64 
41 47 68 
414762 

40 46 62 
40 46 61 
89 46 60 
89 44 60 
98 44 49 

88 48 49 
87 48 48 
87 4247 
86 42 47 
86 41 46 

86 41 40 
36 40 45 
56 40 45 
84 39 44 
84 89 44 
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logabithmio tables. 


n mnt rffl LoflAEDEHUB— (continued). 


8 9 188456780 

95424 00478 05521 05560 95617 06685 06718105761 95800 95856 51014 1084 29 84 8848 
05004 06052 95999 06047 96005 9514S 96190190287 96284 96SS2 6 9 14 1984 23 888848 

0687*9642096473 96680 96667 09614 99661 96708 96755 96802 6 9 14 1928 28 888842 

96848 96806 90942 90088 97085 97081 9712S 97174 97220 97267 6 9 14 1028 28 8887 42 

97818 07869 97406 97^61 97407 97548 97580 97686 97681 07727 5 9 14 18 28 28 828741 


97772 97818 97864 97909 97956 98000 99040 98091 98187 08182 6 9 14 1823 27 828641 

98227 96272 98818 98368 98408 98458 98498 98548 93688 98682 6 914 182327 828641 

98677 98722 98797 98811 98866 98000 98046 98880 99084 09078 4 918 1822 27 818640 

90128 90167 00211 99256 99800 99844 9988S 09432 90476 99520 4 913 18 22 26 818540 

09664 90607 99661 09696 90780 99782 99825 90870 00918 99957 4 918 172226 818689 


0 00048 00087 00180 00178 00217 00260 00808 00346 008® i 918 1722 26 808689 
00482 00476 00618 00561 00604 00647 00680 00782 00775 00817 4 918 1721 26 808480 
00860 00008 00046 00088 01080 01072 01115 01157 01199 01242 4 818 1721 25 808488 
01284 01826 01868 01410 01462 01404 01686 01578 01620 01662 4 818 172126 208488 
01708 01746 01787 01828 01870 01912 01068 01906 02086 02078 4 812 172125 298887 


02110 02160 02202 02248 02284 02825 02866 02407 02449 02490 4 812 162126 208887 

02681 02672 02612 02868 02004 02786 02770 02816 02867 02808 4 8 12 1820 24 298887 

02088 02970 08010 08000 08100 08141 08181 08222 08262 08802 4 812 16 2024 288286 

08842 08888 08428 08468 08608 03648.03688 08628 08668 08708 4 812 16 2024 2882B6 

08748 08782 08822,08882 08002 08941 03981 04021 04060 04100 4 812 16 2024 288288 


Common Logarithms -(eentwusd). 


12 8 460 799 


04189 04179 04218 04268 04297 
04682 04671 04610 04650 04689 
04022 04061 04090 06088 06077 
05808 06346 06886 05428 06461 
06600 06720 06787 05806 06843 

06070 06108 06148 06188 06221 
06446 06488 06621 06568 06696 
06319 06886 06808 06080 06067 
07188 07226 07282.07298 07386 
07666 07601 07628 07664 07700 


: 07964 07990 
08314 08360 
08672 08707 
09026 09061 
09877 09412 

00726 00780 
10072 10106. 
10416 10440 
10766 107® 
11008 11126 


08027 08068 
08886 08422 
08748 08778 
00006 00132 
00447 00482 

00796 00880 
10140,10175 
10438 10517 
10828 10857 
11160 11198 


04880 04876 04416 04454 04498 
04727 04766, 04805 04844 04883 
06116 06164^ 06192 06281 06269 
06600 06638 06676 06614 06662 
06881 06918, 05966 06994 06032 

06268 06296; 06333 06871 06408 
06688 06670 06707 06744 06781 
07004 07041 07078 07116 07161 
07872 07408 07446 07482 07618 
07787 077784)7800 07846 07882 

08009 08186 08171 08207 08248 
08468 08498 08620 08666 08600 
08814 08849, 08884 08920 08055 
00107 00202 09287 09272 09807 
00617 00552 00587 09621 09656 

00684 09800 06984 09968 10003 
10209 10248 10278 10312 10346 
10661 10685 10610 10658 106S7 
10800 10024 10058 10002 11026 
11227 11261 11204 11827 11861 


4812 1620 24 28 8186 
4812 1010 28 278186 
4812 16 1028 278186 
4811 16 10 28 278184 
4 811 16 1928 278084 
4811 161923 268084 
4711 16 19 22 26 80 84 
4711 16 1822 268088 
4711 16 1822 262988 
4711 16 18 22 26 29 88 

4711 1418 22 262082 
4711 141821 262982 
4711 14 1821 262882 
4 711 141821 262889 
8 7 10 14 17 21 242881 

3710 141721 242881 
3710 141721 242731 
3 710 1417 20 24 2781 
87 10 14 17 20 24 27 80 
8710 181720 282780 




LOGARITHM 0 TAJBLBS. 
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Oomkoh LoaAJUTHM— (aontinued). 



1 8 8 


6 


8 8 


180 11894 11428 LUd 11494 11688 11681 11694 11828 11881 11894 8710 181720 288780 

181 11727 11780 11798 11828 11880 11808 11928 11950'll992 12084 8 7 10 18 17 20 28 26 80 

182 12067 12090 12128 12166 12180 1229ft 12264 12287 12820 12862 8 710 18 1820 2826 29 

188 12886 12418 12460 12438 12616 12648 12681 12818 12848 12078 8 710 18 1820 2820 89 

184 12710 12748 12776 12808 12840 12872 12906 12987 12989 18001 8810 18 1619 2828 29 


186 18088 18088 18098 18180 18182 18194 18228 13268 18290 18822 8 610 18 1619 2228 29 

188 18864 18888 13418 18450 18481 1S618 18646 18677 18809 18640 8 8 10 18 10 19 22 26 20 

187 18672 18704 18786 18767 18799 18880 18882 18898 18926 18968 88 9 181819 222628 

188 18988 14019 14061 14082 14114 14146 14176 14208 14289 14270 8 8 9 18 1819 2226 28 

189 14801 14S8S 14884 14896 14428 14467 14489 14620 14661 14682 8 0 B 121819 222628 


140 14818 14844 14876 14706 14787 14788 14799 14829 14860 14891 8 8 9 12 16 19 22 26 28 

141 14922 14068 14988 16014 16046 16078 16100 16187 16168 16198 8 0 9 12 16 18 2126 28 

142 16229 16269 16290 16820 16861 16881 16412 16442 16478 16608 8 0 9 12 16 18 2124 27 

148 16684 16684 16694 16826 16866 16886 16716 16748 16778 16806 8 0 9 12 1618 212427 

144 16888 16886 16897 16927 16967 16987 18017 16047 16077 16107 8 8 9 12 1618 212427 

146 16187 18187 10197 16227 16268 18288 16816 18848 16876 16406 8 6 9 1216 18 212427 

148 10486 10406 18486 18624 18A64 18684 16818 18843 16878 16702 8 0 9 12 16 18 2124 27 

147 16782 16761 18791 18820 18860 16879 18909 18988 10967 16997 8 8 9 12 16 18 2124 28 

148 17028 17066 17086 17114 17148 17178 17202 17281 17260 17289 8 8 9 12 16 18 20 28 28 

149 17819 17848 17B77| 17408 17486 17464 17498 17622 17661 17680 8 0 9 12 16 17 2028 28 



160 17609 17888 17687 17806 17726 

161 17808 17928 17066 17984 18018 

162 18184 18218 18241 18270 18298 
168 18469 18498 18628 18664 18688 
164 18762 18780 18808 18837 18866 

166 19088 19061119089 10117 19146 
168 19812 10840 19888 19S96 19424 

167 19690 19818 19646 19078 19700 

168 19880 19898 19921 19948 19970 

169 20140 20187 20194 20222 20240 

160 10412 20489 20488 20498 20620 
181 20688 80710 20787 20788 20790 
162 20962 20078 21006 21082 21069 
168 21219 21246 21272 21299 21326 
164 21484 21611, 21687 21684 21690 

166 21748 21776 21801 21827 21864 

108 22011 22087 22068 22089 22116 
187 22272 22298 22824 22860 22876 
168 226S1 22667 22683 22808 22834 

109 22789 22814 22840 22866 22891 


17754 17782 17&11 17840'17880 8 8 9 12U17 
18041 18070 18009 18127 18166 809 111417 
18827 18866 18884 18412 18441 8 8 0 1114 17 

18811 18889 18887 18898 18724 8 8 8 1114 17 

18898 18921 18949 18977 19006 8 8 8 1114 17 

19178 19201 19229 19267 19286 888 111417 
19461 19479 19607 19686 196® 868 111417 
19728 19766 19788 19811 19888 8 0 8 111417 

20008 20080 20068 20086 20112 8 6 8 1114 18 

20278 S0K3S' 20880 20868 20886 8 6 8 1114 10 

20648 20676 20802 20029 20866 86 8 114418 
20817 20844120871 20898 20926 8 6 8 UMlS 
21086 21112 21189 21186 21192 8 6 8 111816 

21862 21878 21406 21481 21468 8 6 8 lTWlO 

23817 21648. 21889 £1696 21722 8 6 8 4£l816 

21880 21906 21982 21968 21986 8 6 8 191316 

22141 22187 22194 22220 22248 8 6 8 101816 

22401 22427 22468 22470 22606 8 6 8 10 18 18 

22880 22686 22712 22787 22788 8 6 8 10 18 16 

22917 22943,22968 22994 23019 868 101816 


192224 
19 22 24' ; 
19 21 24 
I9Z1»'. 
18.2124.^ 

lsnW'-. 

1821$P' 
182128 '■ 
18 2123 ’ 
182028 






D 


LOGARITHMIC) TAB Ufa. 


Oohkof LooianHM —(oonttnued). 


9 128466789 


170 

171 











6 6 8 101816 182028 










368 101816 182028 

172 

173 











668 101816 182028 







yfH 



B 68 101816 182028 

174 

tW; 

m 

m 







Sh 



2 6 7 1012 16 17 2022 

176 

176 

177 

ITS 







TfrT 



2 6 7 1012 16 17 2022 







m£ 



2 6 7 10 1216 17 2022 








i • 



267 101216 172022 







■Jii'-it 1 . 



267 101216 171922 

179 

T!$t: 










2 67 101216 171922 

180 

181 

182 

183 

184 

186 

186 

187 

188 
189 

15 










267 101214 171922 












267 91214 171922 







fm 

23 



267 91214 171921 

T&r. 







vm 

iti 



267 01214 171921 








[22 




267 01214 161921 











2«7 91214 161921 

ES 




Yji 

ini 






267 91214 161021 





p] 

551 



l jCttI 



2 67 01214 1619 21 

fHfe 




RJ 







267 01214 181821 

B 




HQ 



HI 



267 01114 161821 


Cohmon LoaiBiTHMfl— (eontinued). 

0 1 2 8 4 6 6 7 8 9 128466789 

190 27876 27898 27921 97944 27967 27989 28012 28086 28068 28081 2 6 7 91114 161821 

191 28103 28126 28149 28171 28194 28217 28240 28202 28286 28807 2 6 7 91114 161820 

192 28380 28868 28876 28898 28421 28448 28466 28488 28611 28688 2 6 7 9 U14 161820 

198 28666 28678 28001 28628 28646 28668 28801 28718 28786 28768 2 4 7 91118 101820 

184.. 28780 28808 28826 £8847 28870 28892 28914 28987 28969 28981 2 4 7 91118 161890 

10 29008 29026 29048 29070 29092 29116 29187 2(7169 29181 29208 2 4 7 ' 91118 101820 

196 20220 29248 29270 29292 29814 29886 29863 29880 29408 29426 2 4 7 91113 16 1820 

107 29447 29469 2949l! 28618 20686 29667 29679 29001 29028 29646 2 4 7 91118 161820 

198 29607 29688 29710 29782 29764 29776 20798 29820, 29842 29688 2 4 7 91118 161820 

199 2988629907 29029 29961 29978 29994 80010 80088 80000 SOOffl. 247 91118 161720 


Bas<t of C omm on Iog&rithmfi ■ 10. Ttun of HyperboIIoLogwltlim§“***2*7l828. 

Hyp. leg. * = ^ Oom. Log. l Com. Log, * - M Hyp. Log. f. 


Number. 

Com. Log. 

Number. 

Com. Log. 

•o 2-71828 

0*434 2946 

**=8*14160 

0*497 1499 

^-2*30260 

0*802 2167 

—0*786898 

TT 

T*806 0899 

M=30*484294 

T-687 7848 

-q — G'6286S 

-/ir-1*77246 

1*718 9936 

0*248 6740 
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Densities or Garbs. 

(The observed Densities are given in this Table.) 


Kama of Gas. 


I 


Weight 
Mole- of 1 litre 

cnlar at 0* 0. Logarithms. Observer. 
Weight, and 780 
mm. Bar. 


Acetylene, 
Amroonii, 
Atmospheric nlr, . 
Carbon monoxide,. 

,, dioxide, 
Chlorine, 

Ethylene, 
Hydrogen, 
Hydrogen chloride, 
,, eulphide, 
Methane, 

Nitrogen, 

Nitrons oxide, 
Nitric oxide, . 

,, peroxide, . 

Su^hur dioxide, ! 


CO 

C0 9 

CL 




r6\ 

HaS 

0H< 

lb 

NO 

NOj 

O a 

SO, 


2AO10 
17 084 

28 
44 
70-92 
28-032 
2-016 
86-468 
84-083 
10-032 
28-02 
44-02 
80-01 
46 01 
82 
84-07 


(grama.) 

1-189 

07708 

1-2928 

1-2604 

1-9769 

8-2191 

1*2787 

0-0899 

1-8892 

1-6378 

0*7209 

1*2607 

1- 9777 
1*8402 

2 - 0680* 
1*4290 
2*9260 


0-076 1819 
1-886 9417 
0-111 6818 
0-097 0490 
0-296 9847 
0-607 7846 
0-106 0071 
5-963 7697 
0-214 6319 
0*180 8999 
1-867 8760 
0 097 1681 
0-296 1604 
0-127 1090 
0-812 8889 
0-166 0822 
0-460 3884 


Berth elot 
Perm an & Davies 
Bayleigh 

»J 

Treadwell 
Sansanre 
Rayleigh 
Gray and Burt 
Leduo 
Thomson 
Rayleigh, Gray 
Rayleigh 
Gray 

Rayleigh 
Ledno and others 


Note. —1-008 gram of hydrogen oconple* 11-2120 litres at N.TJP. * Calculated- 

1000 oublo feet of sir at 62* ff. weigh 76-08 lb. 


Mhlttno Points or Metals. 


(The Tolues marked * are by Prof. W. C. Roberta-Austen.) 


Metal. 

Melting 

Point. 

MetaL 

Melting 

Point. 

Aluminium, . 

* 0 . 

626* 

Manganese, . 

Mercury (B. P. 868 “ 0.), 

* 0 . 

1900 

Antimony, 

682 

-89 

Bismuth, 

270 

Nickel, 

1427 

Cadmium, 

820 

Osmium, 

2600 

Cobalt, . 

1600 

Palladium, . 

1600* 

Copper, . 

1064* 

Platinum, f . 

1776* 

Gold, . 

1046* 

Potassium, . 

82-1 

Iridium,. 

1960 

Silver. 

964* 

Iron (pig), 

. 1100-1200 

Sodium, 

97-8 

,, (wrought). 

. 1600-1600 

Steel, .... 

1800-1400 

Lead, 

826* 

■ Tin. 

282 

Lithium, 

180 

Zino, .... 

416* 

Magnesium, . 

760 




f Dr Harker, of the National Physical Laboratory, gives 1710*. 
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GaA.VnEfcrBto tfAO'toSS. 


FaOTOBS AND THHI B LoGAEITHMS BBQUIBBD IN 
G-bavimetbio Analysis. 


Ele- 

maut. 


To oonvert 


Factor. 


Logarithm 
(to be added). 


Al 


jj 


Altjmentdm (Al=27‘l) 
ALO« into AJ 2 

„ , ^(NH.WSO.L 

24H S U 

“ " 

i s it -AljOg 

Ala(NH 4 ) 2 (S 0 4 )i, 

24H q O 


AI s (P0 4 ) 


0-53033 

8- 87425 

9- 28634 

0-41837 

3-71274 

1-04644 


T-724 55 
0-948 13 

0-967 84 

T-621 56 
0-569 69 

0-019 71 


Ammonium (see under Nitbogbn) 


Sb 


JJ 


Antimony (Sb —120-2) 
Sb a 0 4 into Sb a 

Sb s S 8 „ Sb 8 

Sb s 0 4 


0-78975 

0-71418 

0-90431 


T-897 49 
T 853 81 
1-956 32 


74-96) 


As 

2NH 4 MgAfl0 4 , 

H a O into 

Asj 

u 

JJ 

JJ 

ASjOg 

jj 

)J 

JJ 

AfijOg 

jj 


JJ 

Aflg 

jj 

JJ 

JJ 

ASjOg 

jj 

JJ 

9) 

ASgOg 

jj 


J) 

Asj 

jj 

Ab,8 8 

9) 

Asg 

j j 

jj 

JJ 

AsjOg 

jj 

ji 

J) 

AflgOg 


0-39384 1-595 32 

0-51994 1-715 95 

0-60400 1-781 04 

0-48274 T-683 71 

0-63730 T-804 34 

0-74034 T-869 43 

0-75748 T-879 37 

0-60911 T-784 70 

0-80413 1-905 33 

0-93414 T-970 41 



&raVtmhtrio trAdtofis. 


Factors and thhir Logarithms required in 
Gravimetric Analyses— continued . 


To convert 




Barium (Ba—137-37) 

BaSO A into Ba 0-58846 

„ „ BaO 0-65700 

„ „ BaCO s 0-84548 

„ „ BaOL 0-89226 

„ „ BaCl* 2HgO 1-04662 

„ „ S 0-13738 

„ ‘ S0 8 0-34300 

S0 4 0-41164 

„ „ HjS0 4 0-42018 


2BaS0 4 

4BaS0 4 


CaS0 4 
CaSO^ 2HjO 

FeSO^ 7HoO 
PbS0 4 
. MgS0 4 
KgSO* 

Na a S0 4 
NajSO* IOHjO 
(NH 4 )jS 0 4 
FeS a 

Al a (im 4 ) J (S0 4 ) 4f 

24H s O 


0-58319 

0-73754 

1-19100 

1-29871 

0-51572 

0-74653 

0-60859 

1-38035 

0-56612 

0-25698 

0-97129 


T-769 72 
T-817 57 
T-927 11 
T-950 49 
0-019 79 

T-137 92 
T-535 29 
T-614 41 
T-623 43 

T-765 81 
1-867 79 

0-075 90 
0113 51 
1-712 42 
1-873 05 

1-784 33 
0 139 99 
T-752 91 
1-409 90 
1-987 35 


0-69600 T-842 61 

0-77707 T-890 46 

0-30400 1-482 87 


Bismuth (Bi=208) 

BinOo into Bi s 0'89655 T-952 58 

BijSj „ Big 0-81217 T-909 65 
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GbavucHtrio factors. 


Factors and thbir Logarithms bhquirhd in 
Gravimbtrio Analysis— continued . 


Ele¬ 

ment 


To convert 


Factor. 


Logarithm 
(to be added). 


B 


jj 


B 2 0 8 . 

b 2 0 8 
2 


Boron (B=ll) 
into 


Bo 


2HoBO g 

b 2 o 8 


0-31428 

1-77212 

0-56430 


T-497 32 ■ 
0-248 49 
T-751 61 


Cd 


i) 


Cadmium (Cd = 
CdO into 

CdS 

i) >» 


112-4) 

Cd 

Cd 

CdO 


0-87639 

0-77801 

0-88877 


T-942 20 
T-890 99 * 

T-948 79 


Ca 


Caixhum (Ca 
CaO into 

-=40-07) 

Ca 

0-71464 

T-854 09 

11 

JJ 

II 

Jl 

CaCOg 

CaS0 4 

1- 78473 

2- 42804 

0-251 57 
0-385 26 

II 

II 

CaSO^ 2ELO 
CaCla 

3-07066 

1-97949 

0-487 23 
0-296 55 



CaH a O a 

1-32131 

0 121 01 

3CaO 

11 

CSgPgOg 

1-84466 

0-265 92 

CaClo 


CaO 

0-50618 

1-703 45 

31 

II 

II 

Cl a 

0-63897 

T-805 48 

CaC0 8 


Ca 

0-40042 

1-802 52 



CaO 

0-56031 

T-748 43 



C0 9 

C0 8 

0-43969 

T-643 16 

1) 

n 

0-59958 

T-777 85 



CaSO, 

1-36045 

0-133 68 

U 

)i 

CaSO^ 2HgO 

1-72052 

0-235 66 

CaS0 4 

ji 

Ca 

0-29433 

T-468 83 

1) 

i) 

CaO 

0-41186 

T-614 74 

II 

u 

CaC0 8 

0-73505 

1-866 32 






gbavimBtbio FACTORS. 
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Paotors and their, Logarithms required in 
Gravimetric Analysis— continued . 


Ele¬ 

ment. 


To convert 


Factor. 


Logarithm 
(to be added). 


Ca Calcium (Ca = 40-07) —continued. 


33 

31 

CaS0 4 

99 

into CaSO*, 2H»0 

„ so fl 

1-26467 

0-58814 

0101 98 
T-769 48 

93 

Ca 8 P s 0 8 

93 

CaP 2 0 8 

0-63860 

T-805 23 

3 ) 

99 

99 

CaH 4 P 2 0 8 

0-75472 

T-877 79 

33 

99 

* 9 

PA 

0-45789 

T-660 77 

33 

93 

99 

P 2 

0-20007 

T-301 18 

99 

CaH 4 P s 0 8 „ 

Cabbon (C = 

CagPjOg 

12) 

1-32500 

0-122 21 

C 

CO a 

into 

C 

0-27273 

T-435 73 

>3 

93 

31 

CaC0 B 

2-27432 

0-356 85 

33 

39 

II 

NajCOg 

2-40910 

0-381 85 

39 

39 

99 

NaHC0 8 

1-90927 

0-280 87 

33 

99 

99 

PbC0 8 

6 07045 

0-783 22 

33 

2CO, 

39 

Mn0 9 

0-98784 

T-994 69 

33 

0^,0 

Chlorine (Cl = 

CjH^Oj 

35-46) 

1-30368 

0-115 17 

Cl 

Cl 

into 

HC1 

1-02843 

0-012 17 

39 

99 

9 3 

NaCl 

1-64862 

0-217 12 

19 

91 

1.3 

KC1 

2-10265 

0-322 77 

33 

Cl 2 

13 

MgOl, 

1-34292 

0-128 05 

)9 

99 

31 

CaCL 

1-56500 

0-194 52 

33 

99 3 9 

Chromium (Gr 

0 

= 52) 

0-22560 

T-353 35 

Cr 

Cr 2 O s 

into 

Cr 2 

068421 

T-835 19 

99 

99 

99 

K s Cr a Oy 

1-93553 

0-286 80 


Cobalt (Co = 58-97) 
Co CoO into 


Co 0-78658 1-895 74 
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GRAVlHdTRId ftAOfORfl. 


Factors and their Logarithms required in 
Gravimetric) Analysis— continued . 


■St To oonTert P^tor. 



Copper (Cu = 

63-57) 



Cu 

Cu 

into 

CuO 

1-25170 

0-097 50 

95 

CuO 

59 

Cu 

0-79892 

T-902 50 

15 

2CuO 

1) 

CujO 

0-89946 

T-953 98 

59 

CUgO 

9) 

2CuO 

1-11178 

0-046 02 

99 

CuSCN 

99 

Cu 

0-52256 

1-718 14 


Fluorine (F —19) 

F CaF a into F a 0-48674 T-687 30 

„ „ „ 2HF 0-51256 T-709 75 


Hydrogen (H= 1-008) 


H 

HC1 

into 

Cl 

0-97230 

T-987 83 

99 

HtfO a 

99 

N 

0-22232 

r-340 97 

99 

99 

99 

NaN0 8 

1-34898 

0-130 01 

91 

2HNO a 

99 


0-85705 

I-93S 01 

99 

HjSO, 

99 

(NHJgSa 

2HC1 

1-34743 

0-129 47 

99 

19 

99 

0-74359 

1-871 33 

99 

99 

99 

SOg 

0-81633 

1-911 80 

99 

20jH 4 0 a 

99 

Ca^HgO^ 

1-31695 

0-119 57 

Fe 

Iron (Fe=> 

55-84) 



Fe 

into 

FeO 

1-28653 

0-109 42 

99 

99 

99 

FeCOg 

2-07450 

0-31691 

91 

91 

99 

FeS s 

FeS0 4J 7H a 0 

2-14864 

0-332 16 

95 

99 

99 

4-97890 

0-697 13 


» Fej „ Fen0 8 1-42980 0-155 28 

„ Fe s O a . H a O 1-59112 0-201 70 

„ FegOg.3H s O 1-91375 0-281 89 


9J 



GRAVIMETRIC FACTORS. 
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Factors and thbir Logarithms required in 
Gravimetric Analysis— continued. 


Ele¬ 

ment. 


To convert 

Factor. 

Logarithm 
(to be added). 


Iron (Fe 

-56-84) 

— continued. 



Fe 

Fej 

into 

Fe 2 (PO,) a 

2-70200 

0-431 69 

)) 

1) 

JJ 

Mn0 2 

0-77838 

1-891 19 

JJ 

Fe a O B 

JJ 

Fea 

069940 

T-844 72 

JJ 

JJ 

J) 

^'e 2 (P0 4 ) 2 

1-88978 

0-276 41 

jj 

3Fe s O„ 

JJ 

2Fe 8 0 4 

0-96660 

T-986 25 


FeS 


Fe 

0-63620 

T-802 91 

j j 

2Fe8 

JJ 

Fe 2 0 9 

0-90820 

1-968 18 

» 

FeS s 

JJ 

S 2 

0-63469 

T-728 02 

jj 

2{Fe(NH 4 ) a (80 4 ) 2 , 

6H a O} into 
Mn0 2 

0-11083 

1-044 68 


Lhad (Pb = 207-1) 


Pb 

Pb into 

PbO 

1-07726 

0-032 32 


PbS 

Pb 

0-86591 

1-937 47 

JJ 

JJ JJ 

PbO 

0-93281 

T-969 79 

JJ 

3PbO „ 2PbC0 83 

Pb(OH) s 

1-16840 

0-063 86 

JJ 

Pb0 2 „ 

Pb 

0-86617 

1-937 60 


PbS0 4 „ 

Pb 

0-68312 

T-834 49 



PbO 

0-73589 

T-866 81 

JJ 

JJ JJ 

PbS 

0-78890 

1-897 02 


PbCr0 4 „ 

Pb 

0-64098 

T-806 84 



PbO 

0-69050 

T-839 16 

JJ 

JJ JJ 

PbS0 4 

0-93832 

T-972 35 

JJ 

2PbCi-0 4 „ 

Cr 2 O fl 

K„Ci’ 9 0 7 

0-23522 

0-45528 

T-371 48 
T-658 28 

JJ 

3PbCr0 4 „ 2 PbC 03 , 

Pb(oi)' 

0-79987 

1-903 02 
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GRAVOfBTRIO PAOTOBS. 


Factors and theib Logarithms rbqtjihhd in 
Gbavlmbtrio Analysis— continued . 


To convert 


Factor. Logarithm 
(to be added). 


Magnesium (Mg = 24-32) 


„ MgO 


Mg a P 2 0 7 


0-42335 

0-74464 

2-09127 

2-36210 

2-98686 


into MgO 0-42335 T-626 70 

„ Cl* 0-74464 T-871 95 

„ MgCJ0 8 2-09127 0-320 41 

„ MgClj 2-36210 0-373 30 

„ MgSO i 2-98686 0'475 07 

„ MgS0 4 . 7H a O 6-11364 0'786 30 

„ Mg(NOg) a 367907 0-565 74 

„ Mg 2 0-21839 T-339 23 

„ 2MgO *0-36207 T-558 79 

,, 2MgCO # 0-75718 T‘879 20 

„ 2MgClj 0-85524 1-932 09 

„ 2MgSO. 1-08109 0-038 86 

„ 2(MgS0 4J 7HgO) 2-21356 0-345 09 


1) 

i I 

13 

p 2 

0-27874 

T-445 19 

JJ 

II 

U 

PA 

0-63793 

1-804 77 

If 

II 

!» 

2H 8 P0 4 

0-88060 

1-944 78 

II 

II 

J 1 


1-05146 

0-021 79 

1) 

31 

11 

CaP0 8 ) s 

0-88968 

1-949 23 

II 

J1 

13 

C^PO,), 

1-39318 

0-144 01 

II 

MgS0 4 

19 

Mg 

0-20201 

T-305 37 

II 

■ »> 

II 

MgO 

0-33491 

T-524 93 


Manganese (Mn = 54-93) 



Mn 

Mn 

into 

MnO 

1-29128 

0-11102 

IJ 

MnO 

13 

Mn 

0-77442 

T-888 98 

tJ 


II 

Mn 

0-63189 

T-800 64 


MgaP a 0 7 found the P 9 0 8 in it 


GRAVIMHTBIO PAOTOB8. 
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Factors and thhir Logarithms rbquirbd in 
Grayi iLH trio Analysib— continued -. 



JSTitrogbn (14-01) AND 
Ammonium (18 042) 



1ST 

into 

ra 8 

1-21585 

0-084 88 

11 

11 

M 

HNOg 

4-49807 

0-653 03 

11 

11 

11 

NhN0 8 

6-06780 

0-783 03 

1) 

11 

11 

kno 8 

7-21700 

0-858 36 

19 

1» 

11 

Albuminoids 

6-25. 

0-795 88 

11 

11 

11 

Caffeine 

3-46395 

0-539 57 
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gravimetric factors. 


Factors and thher Logarithms required in 
Gravimetric Analysis— continued . 


To convert 


Pftotnr Logarithm 
ractor. (tobe <KW*I). 


Nitrogen (14*01) and 
Ammonium (18*042) — continued. 
N a into (NHJ,S0 4 


2NaNO a 

2KNO s 

Ca/NO B ) 2 

Mg(N0 8 ) a 

N 

NH 4 C1 

(NHJ s S0 4 


nh 4 ci 


4*71642 0*673 61 

3*85510 0*586 04 

0*25940 1*413 96 

1*57397 0*197 00 

1*87206 0*272 32 

1*51907 0*181 58 

1*37326 0*137 75 

0*82247 1*915 12 

3*14090 0*497 05 

3*87912 0*588 73 


0*26186 

0*31838 


1*418 07 
I-5U2 95 


(NH 4 ) 2 S0 4 „ 


N 8 0*21202 1*326 39 

2NH,, 0*25779 T 41127 

H a S0 4 0*742 21 T-870 53 


Phosphorus (P = 31*04) 

P a into P a 0 6 


2*28866 0*359 58 


P s 0 43694 T-640 42 
Caj(P0 4 ) 2 2*18391 0*339 23 

CaH^POJj, 1*64824 0*217 02 


Platinum (Pt= 195*2) 

Pt (NHJgPtClj into N s 

» » »i 2NE 8 

„ „ „ 2NH 4 C1 

>f >i » (NH 4 ) s S0 4 


0*06310 3*800 04 
0*07672 3*884 92 


0*24098 

0*29761 


1-381 97 
1*473 65 


GRAVIMETRIC PAOTORS. 
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Factors and their Logarithms required in 
Gravimetric Analysis— continued . ' 


Ele¬ 

ment. 


To convert 

Factor. 

Logarithm 
(to be added). 

Pt 

Platinum (Pt= 195-2) — covtd. 
K^Pta/ into K, 

0-16085 

T-206 43 

33 

33 

99 

2XC1 

0-30673 

T-486 76 

M 

33 

93 

E^O 

0-19376 

T-287 27 

31 

33 

33 

K a S0 4 

0-35846 

r-554 44 

37 

Pt 

13 

2NH 4 C1 

0-54818 

r-73fi 92 

31 

39 

39 


0-67702 

r-830 60 

K 

Potassium (K 
K into 

= 39-1) 

KC1 

1-90690 

0-280 33 

33 


93 

KjO 

1-20460 

0-080 84 

i 

33 

KC1 

19 

Cl 

0-47569 

1-677 23 

37 

99 

91 

khc 4 h,o 6 

K,0 

2-52320 

0-401 95 

33 

2KC1 

91 

0-63171 

T-800 52 

39 

73 

33 

E^SO, 

1-16866 

0 067 69 

” 33 

KCIO. 

2KC10 4 

91 

KC1 

0-53811 

T-730 87 

33 

99 

k 2 o 

0-3-100f 

T-531 44 

91 

♦ Tnl-. 

39 

99 

k 2 so 4 

f .1 J ■ 

0-62887f 

1-798 56 


Mimwiwum uiduhuud ua uouerjuiuiug poDasn were adopted 
at the International Congress of Applied Chemistry held, at 
Berlin, 1903 (see Chemical News, No. 2619,| Feb. 4, 1910). 
The platinochloride pp. is to be dried at 120-130° C., weighed 
warm, and the following factors (which are based on Berzelius’s 
atomio weight Pt= 197-2) used :— 

= KC1 (log. T-48515) 

x 0-19305 = K S 0 (log. T-28667) 

„ x 0'35714 = K 3 S0 4 (lug. T-55284) 

t These are the factors used in connection with the International 
perohlono aoid method for determining potash (see note above), 
t Also reprinted in pamphlet form. '* 


K s PtCl a x 0-3056 
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GEAYIMBTRIO FACTORS. 


Factors and thhib Logarithms required in 
Gravimetric Analysis— continued . 


Ele¬ 

ment 


To convert 

Factor. 

Logarithm 
(to be added). 


Potassium (K-=39 1) — contd . 



K 

K a O 

into 

2 KOI 

1-58301 

0-199 49 

II 

31 

31 

k,so 4 

1-85000 

0-267 17 

II 

I) 

11 

2KNO b 

2-14671 

0-331 77 

II 

If 

11 

KflCOg 

1-46709 

0-166 46 

II 

„ into 

2-fKNaC d H d O rt) 4H 0 0} 

6-99138 

0-777 53 



into 

2KHC d H d O fl 

3-99427 

0-601 44 

i » 

31 

1) 

Ms 

1-19126 

0-076 00 


2KOH 


K a O 

0-83945 

T-924 00 

ii 

K a G0 8 

31 

k 2 o 

0-68162 

T-833 54 

>i 

K a S0 4 

13 

K,0 

0-54054 

T-732 83 

ii 

11 

31 

2KC1 

0-85568 

T-932 31 

ii 

kno 8 

11 

N 

0-13656 

1-141 64 


Silicon (Si «= 28-3) 



Si 

SiO a 

into 

Si 

0-46932 

T-671 47 


Silver (Ag — 

107-88) 



Ag 

AgBr 

into 

Br 

0-42556 

T-628 96 

31 

AgCl 

31 

Ag 

0-75262 

T-876 57 

31 

31 

33 

Cl 

0-24738 

1-393 37 

31 

11 

11 

HC1 

0-25442 

T-405 54 

11 

11 

11 

AgK0 8 

1-18522 

0-073 80 

11 

Agl 

11 

I 

0-54055 

T-732 83 


Sodium (Na 

= 23) 



Na 

Na 

into 

KftOl 

2-54174 

0-405 13 

11 

No, 

11 

No,0 

1-34783 

0-129 63 

31 

Na^O 

31 

2KaCl 

1-88580 

0-275 50 
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Factors and their Logarithms rhqutrbd in 
Gravimetric Analysis— continued . 


1 Ele¬ 
ment 


To convert 

Pactor. 

Logarithm 
(to ba added). 

m 

Sodium (Na= 23)—continued. 
into NftsSO. 

2-29145 

0-360 11 

99 

99 

9 ) 

NruCO. 

2NaNO B 

1-70968 

0-232 91 

99 

91 

♦ 9 

2-74226 

0-438 11 

99 

1 ) 

>9 

2NaOH 

1-29058 

0-110 79 

99 

NSgl^O,. 

99 

Na^O^ IOHjO 

1-89109 

0-276 71 

99 

NaCl 

>9 

01 

0-60657 

1-762 88 

99 

99 

91 

NaHCO B 

1-43702 

0 157 46 

99 

2NaCl 

99 

Na^O 

0-53028 

L724 50 

99 

19 

9 ) 

l^a^GOa 

0-90660 

T-957 42 

I) 

NajOOa 

99 

NajO 

0-58491 

r-767 09 

99 

NaNO. 

2.NaOH 

99 

N 

0-16480 

1-216 97 

99 

99 

N%0 

0-77484 

T-889 21 

99 

Na,CO fl 

99 

NAjCOgj 10H a O 
Nag 

2-69811 

0-431 06 

99 

No^SO,, 

91 

0-32378 

T-510 26 

99 

99 

91 

NajO 

0-43640 

1-639 89 

Sr 

99 

Strontium (Sr = 87-63) 
SrC0 8 into Sr 

SrSO^ „ Sr 

0-59358 

0-47703 

T-773 48 
T-678 54 


Sulphur (S = 32-07) 


S 

S0 8 

into 

S 

0-40052 

1-602 63 

99 

9 9 

99 

CaS0 4 

1-70026 

0-230 52 

19 

99 

>9 

OaSO*, 2H a O 

2-15027 

0-332 49 

99 

99 

79 

H 2 SO, 

1-22500 

0-088 14 

99 

99 

99 

(NHJJOt 

1-66048 

0-217 61 
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GRAVUEBTRICJ FAOTORB. 


Faotors and thhib Logarithms rhqutrbd in 
Gbavimbtricj Analysis — continued. 


Ele- 


To oonvert 


Factor, 

Logarithm 

ment 



(to be added). 


Sulphur (S = 32"07)— continued . 



S 

S0 8 

into 

KsS0 4 

2-17647 

0-337 75 

11 

l) 

n 

KOgSO* 

1-77432 

0249 03 

n 

13 

33 

MgS0 4 

1-60356 

0-17712 



Tin (Sn= 139) 




Sn 

Sn 

into 

Sn0 2 

1-26891 

0-103 43 

13 

SnOj 

33 

Sn 

0-78808 

T-896 57 



Zino (Zn = 65-37) 



Zn 

Zn 

into 

ZnO 

1-24476 

0-095 09 



33 

ZnS 

1-49059 

0T73 36 


3» 

33 

ZnClg 

2-08490 

0-319 09 


ZnO 

33 

Zn 

0-80337 

T-904 91 

3J 

ZnS 

33 

’ Zn 

0-67087 

T-826 64 


Example. —1'327 grams of a substance gave 0-8470 gram 
BaSO i : to find the percentages of SO B and S present re¬ 
spectively. 

Since 1'327 grams give 0-847 gram BaS0 4 100 grams will 
. -847x100 84-70 

0176 1-327 " 1-327 

Taking logs. Log. 84-70 =1-92788 
' “ „ 1-327 = 0-12287 


(subtracting) 1-80501 
Add log. (BaS0 4 into S0 8 ) T'53529 

1-34030 = 21-89 percent. SO B . 
Add log. (S0 8 into S) T-60263 

0 94293 = 8'77 per cent. S. 

Hide .—First find the weight of the pp. that 100 parts of 
substance would give, then add the log. of the factor to get 
percentage of substance sought. 


QRAVIMflTBIO FAOTORS. 
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VOLUMHTEIO PACtfOBfl. 


Volumetric Factors. 


Definition.— A Normal Solution of a reagent is one that 
contains in a litre that proportion of its molecular weight in 
grams which corresponds to one gram of available hydrogen 
or its equivalent. 

Up till recent years the atomio weights of elements were 
referred to hydrogen as unity. Now, however, oxygen=16 
is the standard of reference, and the present atomic weight of 
hydrogen is taken as 1-008. Hence, “ one gram ” in the above 
definition must actually be taken as 1-008 gram. 

Thus a normal solution of hydrochloric acid contains 
■36-468 ’grams HC1 per litre; and normal sulphuric acid 


^p^ = 49-043 grams H a SO i per litre. Potassium perman¬ 
ganate, KgMngOg, in acid solution, yields 5 atoms of oxygen, 
equivalent to 10 atoms of hydrogen; hence a normal solution 
316*06 

of permanganate contains — jq =81'606 grams per litre. 


Normal nlk»H solutions are such that a given volume requires 
for neutralization an equal volume of a normal aoid solution. 


gnune. Logarithm*. 


Normal H,S0 4 

1 c.c. = 0-049043 H s S0 4 
„ = 0-048035 S0 4 . 

„ =0-040035 S0 8 . 

* 

. 5-690 68 
. 5-681 66 
. 2-602 44 

Normal HC1 

lc.c. =0-036468 HC1 . 

„ -0-03546 01 . 

B 

. 5-56191 
. 5-549 74 

Normal HNO fl 

lc.o. =0-063018 HNO s 
„ =0-06201 NO„ . 

„ =0-05401 N s 0 5 . 


. 5-799 46 
. 5-79246 
. 5-732 47 

Normal 

1 c.c. =0-063024 HjCgO^ 
„ =0-045008 HjCjO* 

2HjO 

. 5-799 61 
. 5-663 29 

Normal acid 

1 c.c. = 0-017034 NH„ . 

„ =0-03505 NH 4 OH 


. 5-231 32 
. 5-544 69 


-0-101 NasB 4 O r . . T-004 32 

= 0-19108 NajB 4 O r , IOHjO T*281 22 




VOLUTOTTBICI PAOTOBfl. 


23 


Volumetric I'aotobs— continued. 


Normal acid 
( continued). 


grama. 

1 c.c. = 0-028035 CaO . 

„ - 0-037043 On(OH) 2 . 

„ = 0-050035 CaC0 8 

„ = 0-085693 Ba(OH) 2 . 

„ = 0-157757 BajOH)^ 8H s O 
„ =0-098685 BaCO s 

„ =0-02016 MgO . 

„ =0-04216 MgCO s 

„ = 0-056108 KOH 
„ =0-0691 KgCO,, 

„ =0-18814 KHC,H.O 0 
„ = 0-108119 K 8 C„H 6 0 7 , H a O 
„ = 0 098124 KCjjHgOa . 

„ = 0-141098 KNaO^H^Ogj 4H, 


„ = 0-040008 NaOH 
„ =0-053 NajC0 8 
„ =0-14308 NagCO^ 10H a O 
„ = 0-084008 NaHC0 8 . 


Normal KOH 1 c.c. = 0-056108 KOH . 

„ =0-0471 K^O . 


Normal NaOH 1 c.c. = 0-040008 NaOH 
„ =0-031 NajO . 


Normal Na^COo 1 c.c. = 0-053 NajC0 8 

„ =0030 CO B . 

- „ =0-022 CO s . 


Normal alkali 1 c.c. = 0"060032 HC 2 H 8 O a 
„ =0-035 B»O e . 

„ =0-062024 HbB 0 8 
= 0-0505 Na^O,, . 

= 0-09554 NajB^Oy, 10H a < 


Logarithm*. 

5-447 70 
5-568 71 
5-699 27 

5-932 95 
T-197 99 
5-994 25 

5-304 49 
5-624 90 

5-749 02 
5-839 48 
T-274 48 

1- 033 90 

2- 991 78 
( 0 1-149 52 

. 5-602 15 
. 5-724 28 
. T-155 58 
. 2-924 36 


. 5-749 02 
. 5-673 02 


. 5-602 15 
. 2-491 36 


. 5-724 28 
. 5-477 12 
. 5-342 42 


5-778 38 
5-544 07 
5-792 56 
5-703 29 
5-980 19 
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VOLimUTBIO SAOtfOBfl. 


Yolumhteio Faotobs— continued . 


Normal alkali 
( continued ). 

gram 

1 c.o. =0-070027 H 8 C 6 H 6 0* 

„ =0 122048 benzoic acid. 

„ =0-088064 butyric „ . 

„ = 0-410432 cerotio „ . 

„ = 0'090048 lactic „ . 

„ =0*067024 malic ,, . 

„ = 0-282272 oleic „ . 

„ = 0-256256 palmitic,, . 

, 3 =0-284288 ateario „ . 

„ = 0-075024 tartaric „ . 

„ =0-18814 KHC 4 H 4 O a 

Logarithm*. 

2-845 27 
1*086 53 
2-944 80 
T-613 24 
2-954 47 
2-826 23 

1- 450 67 
T-408 67 
T-453 76 

2- 875 20 
T-274 48 


1 o.c. =0-010788 Ag . 

„ =0-016989 AgNO B 

2*032 94 
2-230 17 


3) =D-003546 a . 

Jt =0-005846 NaCl 
„ = 00053502 NH 4 Cl . 

3 549 74 
3-766 86 
3-72837 

~ Iodine 

„ =0-011902 KBr . 

„ = 0-007456 KC1 . 

„ =0 016602 KI . 

„ = 0 010292 NaBr . 

„ =0-006199 NajELAaO^ . 

2- 075 62 

3- 872 51 
2-220 16 
2*012 60 
3*792 32 

1 o.c = 0-0032035 SO s . 

„ =0-0041043 H s B0 8 . 

3-505 62 
5*613 24 


„ =0-0126091 Na^SOg, 7FI a O 
„ = 0-0097151 KjiSOg, 2H a O 

2*100 68 
3-987 45 

^ Dichromate 

„ - 0024822 Na,8,0» 6H-0 
„ =0-004948 Ab 4 0 6 . 

2*394 84 
3-694 43 

lc.c. = 0-005584 Fe 
„ =0-007184 FeQ . 

„ -0*011584 FeC0 8 

3-746 95 
3-856 37 
2-063 86 


„ =0-016191 FeS0 4 . 

, 3 = 0 0278022 FeSO* 7H s O . 

2-181 59 
2-444 08 
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Volumetric Factors— continued . 

JJ grama. 

— Thiosulphate 1 c.c. = 0-024822 Na^O* 6H s O . 

,, -0-012692 1 

„ =0003646 01 

„ -0-007992 Br . 


Calcium (Ca« 40-07) 

. N 

1 c.o. yq permanganate-0-0028036 gram CaO . 

» ,) =0-0060036 gram CaCO B . 

j> jj = 0"0086086 gram CaSO^ 

2 0H«. 

„ normal oxalic acid -0*028036 gram CaO . 
Cryst. oxalic acid x 0-444 = CaO . * . 

Ferrous ammonium sulphate x 0 07143 — CaO 


Chlobinh (Cl = 36-46) 

, N 

1 o.c. jQ ailyer solution = 0-003646 gram Cl . 

» j> . = 0’006846 gram 27aCl 

. N 

1 c.c. Jo arsemous or thiosulphate solution 
= 0'003546 gram 01 


Chromium (Or = 62) 

Metallic iron x 0 - 3104 = Cr . 

„ x0"6968 = CrO 8 

„ x 0-8780 = K 2 Cr 2 0. . 

„ x 1-928 — PbCr0 4 r 

Ferrous ammonium sulphate x 0-0443 — Cr 

,, x 0-0363 = Ci0 8 

jj x 0-1263 = K 2 Cr 2 0 7 

, x 0-2764-PbCr0 4 


- N , • 

1 c.o. jq solution > 


= 0 003333 gram CrO s 
= 0-004903 gram K^CrjO^ . 


Logtrlthma. 

5-394 84 

5-103 63 
3-549 74 
3-902 66 


3-447 70 
3-699 27 

3-934 93 
5-447 70 
1-647 38 
5-863 88 


3-649 74 
3-766 86 


3-649 74 


T-491 94 
1-775 86 
■ T-943 47 
0-286 19 
5-646 40 
5-930 95 
1-097 96 
T-439 96 

3-622 84 

3-690 46 
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VOLTJMHTBIO FACTORS. 


VOLUMHTiuo Factors— continued . 

logarithms. 

Coppbb (Cu — 63*57) 

N 

1 c.c, yQ solution = 0*006357 gram Cn . • • 3*808 26 

Iron x 1 - 138 => copper . 0*056 14 

Ferrous ammonium sulphate x 0*1622 -copper . T*210 05 

Cyanoqhn (CN = 26*01) 

1 c.c. yq silver solution = 0 005202 gram ON . 3*716 17 

„ ,, = 0*005404 gram HCN . 3*732 72 

,, ,, ■= 0 013022 gram KCN . 2*114 68 

N 

„ yq iodine = 0 003255 gram KCN . 3*512 55 

Potassium Fkrrooyanidh (K 4 FeCyg, SOH^ 422*348) 

Metallia iron x 7*563 = cryst. potassium ferrocyanide 0*878 69 
Ferrous ammonium sulphate x 1 *080 — cryst. potas¬ 
sium ferrocyanide . . .... 0*033 42 

Potassium Fbrrioyanidb {KgFegCy^—658*4) 

Metallic iron x 5*896 = potassium ferricyanide . 0*770 48 
Ferrous ammonium sulphate x 1*684 = potassium 

ferricyanide . . ..... 0*226 34 

N 

jq thiosulphate x 0*03292 = potassium ferricyanide 2*517 46 
Gold (Au-197*2) 

1 c. 0 . normal oxalic acid = 0*0657 gram gold . 2*817 57 

Iodhoi (1—126*92) 

N 

1 c.c. yq thiosulphate = 0*012692 gram iodine . 2*103 53 

Iron (Fe-55*84) 

N 

1 c.c. Yq permanganate, dichromate, 

or thiosulphate =0*005584 Fe . 3*746 95 
= 0*007184 FeO . 3*856 37 
” „ =0 007984 Fe 2 0 8 3*902 22 
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Yoh7mhtbio Factors— continued . 

Lead (Fb = 207-1) 

N 

1 c.c. ^ permanganate = 0'010355 gram lead 

1 o.c. normal oxalic acid = 0 , 10355 gram lead 
Metallic iron x 1-854 = lead 

Ferrous ammonium sulphate x 0-265 — lead 

Manganbsb (Mn —54-93) 

MnO = 70-93. MnO a = 86-93. 

Metallic iron x 0-4918 = Mn 
„ xO-6350 = MnO 

„ xO'7783 = MnO a 

Ferrous ammonium sulphate x 0-0907 = MnO 
„ x 0-1112 = MnO a 

Cryst. oxalic acid x 0-6896 = MnO„ 

N 

1 o.o. jq solution = 0'003647 gram MnO 
„ „ =0-004347 gram MnO a 

Mbbooby (Hg—200-6) 

Ferrous ammonium sulphate x 0-5115 =>Hg . 

„ 'x 0-6924 = HgC) 2 

If 

1 o.o. jq solution = 0-02006 gram Hg . 

„ - „ —0*02086 gram Hg 2 0 

„ „ —0-027152 gram HgClj 


Nitrogbn as Nitrates and If itritbs 
N a O„-108-02 N a 0 8 = 76-02 
Normal aoid x 0-0540 — N a O. 

„ x 0-1011 = KNO b 
M etallic ironx 0-3761 =HNO» 


x 0-6035 
x 0-3224 ■ 


= KNO, 
,N a O fi 


S elver (Ag= 107-88) 

1 o.o. ^ IfaOl —0-010788 gram Ag 
„ -0-016989 „ AgNO a 


Logarithms. 


5-015 15 

r-015 16 
0-268 20 
T-423 25 


1-691 79 
T-802 77 
T-891 15 
5-967 61 
T-046 10 
T-838 60 

3-549 86 

3-638 19 


T 708 86 
1-840 33 

5-302 33 

5 319 31 
5-433 80 


. 5-732 39 
. T-004 75 
. 1-675 30 
. T780 68 
. 1-508 40 


5-032 94 
5-230 17 
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VOLTJMriTBIO tfACtfOBS. 


Volttmbtbio Factobs— continued . 

logarithms, 

Sulphubetted Hydboghn (H a S = 34 , 086) 

1 c.c. arsenious solution = 0-002556 gram H a S . 3*407 66 


Tin (Sn=«119) 

Metallic iron x 1 0654 = tin . 

Ferrous ammonium sulphate x 0*1522 — tin . 

N 

Factor for ^ iodine or permanganate solution 
000595 . 


0-027 49 
T-182 41 

3*774 52 


Zino (Zn —65*37) 

Metallic iron x 0*6852 = Zn . 

„ 0*7285-ZnO 

Ferrous ammonium sulphate x 0*0836 — Zn . 

„ 0*1041 —ZnO 

N 

1 c.c. jq solution —0-003268 gram Zn . 


T-767 33 
1*862 41 

2- 922 21 
1-017 46 

3- 514 28 


NITROMETER ANALYSIS. 


= 0*6257 

Elgin 

N . 

. T-796 

34 

= 1*3402 

jj 

NO . 

. 0-127 

17 

= 1-6975 

SI 

N s 0 8 . . 

. 0-229 

81 

-2*4121 

3) 

NnO. . . 

. 0382 

40 

= 2-8144 

J1 

i&6 8 . 

. 0-449 

39 

= 3-8009 

3) 

KNO s 

. 0-579 

88 

= 4*5154 

33 

kno 8 . 

. 0-654 

70 

-3-0819 

II 

NaNO s . 

. 0*188 

82 

= 3-7986 

3) 

NaNO g . 

. 0-579 

62 

= 5*2294 

5) 

C fi H NO s . 

. 0-718 

46 

-3*3516 

33 

c s Hjko s . 

. 0*525 

26 
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For use In Calibrating 
Instruments. 

For use with Standard. Solutions. 

tnre * & 

Weight of 1 
Litre of Water, 

Volume of 1 
Gram of Water. 

Volume corres¬ 
ponding with 

1 Litre at 16“ 0. 

Volnme of 1 
o.o. reduced to 

16“ 0. 


grams. 

ao. 

0.0. 

O.Q. 

6 

998*6 

10014 

098-8 

1-0017 

6 



•4 

1-0016 

7 



■6 

1-0014 

8 



•7 

1-0018 

9 



■0 

1-0011 

10 

998-6 

1-0016 

909-0 

1-0010 

11 



■2 

1-0008 

12 

998-4 

1-0016 

•4 

1-0006 

18 

•8 

1-0017 

•6 

1-0004 

14 

•2 

1-0018 

•8 

1-0002 

16 

■1 

1-0010 

1000-0 

1-0000 

16 

997-9 

1-0021 

•2 

0-0998 

17 

■8 

1-0022 

•4 

0-9990 

18 

-7 

1-0028 

■6 

0-B994 

19 

•6 

1 -0026 

■8 

0-9992 

20 

■8 

1-0027 

1001-1 

0-0989 

21 

•2 

1-0028 

■8 

0-9987 

22 

. 907-0 

1*0080 

-6 

0-9984 

23 

996-8 

1-0082 

■8 

0"9B82 

24 

•6 

1-0084 

1002-0 

0-0980 

26 

■8 

1-0037 

■8 

0-0077 

Coefficient's of Absorption 

of Gases in Water. 


1 volume of Water dissolves at 760 mm, Pressure. 


Gas. 

0* o. 

4*0. 

10* C. 

16“ 0. 

20“ 0. 

Observer. 

Acetylene, . 

Air , . 

1-73 

1-68 

1-81 

1-16 

1-03 

Winkler 

0-02882 

0-02800 

0-02265 

0-02046 

0-01870 

)1 

Ammonia, . 

1168-08 

1048-23 

808-67 

770-29+ 

896-17 -| 

f Roscoe and 
[ Dittmar 

Carbon monoxide, 

0-08537 

0-08219 

0-02815 

0-02648 

0-02819 

Winkler 

,, dioxide, . 

1-718 

1-473 

1-194 

1-019 

0-878 \ 

f Bohr and 
[ Bock 

Chlorine, 

8-0802 


2-6862 

2-8081 

2-1666 

Sohbnfeld 

Hydrogen, . 

0-02148 

0-02084 

0-01966 

0-01888 

0-01819 

Winkler 

,, sulphide, 
Methane, 

Nitric oxide, 

4-8700 

4-0442 

8-6868 

8-2320 

2-0068 

Schbnfeld 

0-06478 

0-06002 

0-04866 

0-08902 

0-03498 

HimichB 

0-07881 

0-06828 

0-06709 

0-06147 

0-04703 

Winkler 

Nitrous ,, . 

1-8052 

1-1846 

06196 

0-7778 

0-0700 

OurinB 

Nitrogen, . 

0-02348 

0-02180 

0-01867 

0-01082 

0-01642 

Winkler 

Oxygen, 

Sulphur dioxide, . 

0-04890 

0-04397 

0-08802 

0-08416 

0-03102 


79-789 

09-828 

66-f"" 


1 ih 1 

ci i 1* 1 1 

D * I 

* Calculated from nitrogen and oi ^ ^ £ 

LID 1 

d lore 
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RBOTPEOOAL3 Off NUMBERS. 


Tabu of Rboipbocalb. 


No. 

Reciprocal. 

No. 

Reciprocal. 

No. 

j Reciprocal. 

No. 

j Reciprocal. 

1 

1 

31 

■08220 

01 

•01689 

91 

•01099 

2 

•fi 

82 

■03125 

62 

•01018 

92 

•01087 

8 

•38888 

88 

•03080 

68 

■01687 

98 

•01075 

4 

•25 

84 

■02941 

64 

■01503 

94 

•01064 

6 

•2 

85 

■02857 

65 

•01539 

96 

■01058 

0 

•16067 

80 

•02778 

66 

•01616 

96 

•01042 

7 

•14280 

87 

•02708 

07 

•01498 

97 

■01081 

8 

•125 

88 

•02082 

68 

•01471 

98 

■01020 

e 

■11111 

89 

■02504 

69 

•01449 

99 

•01010 

10 

•1 

40 

■025 

70 

•01429 

100 

•01 

n 

■09001 

41 

-02489 | 

71 

•01409 

101 

•00990 

12 

•08338 

42 

■02881 

72 

•01889 

102 

•00980 

IS 

•07692 

48 

•02820 1 

78 

•01870 

108 

•00971 

14 

•07143 

44 

•02278 

74 

■01851 

104 

■00902 

15 

■00007 

45 

•02222 

75 

•01888 

105 

•00962 

10 

•0026 

40 

•02174 

70 

■01810 

100 

00048 1 

17 

•06882 

47 

•02128 

77 

■01299 

107 

•00986 

18 

•05550 

48 

•02088 

78 

•01282 

108 

■00920 

19 

■05268 

49 

•02041 

70 

•01260 

109 

■00917 

20 

•05 

50 

■02 

80 

■0126 

110 

•00900 

21 

04702 

51 

•01901 

81 

■01286 

111 

■00901 

22 

■04646 

62 

■01928 

82 

•01220 

112 

■00898 

28 

■04848 

53 

•01887 

83 

■01205 

113 

•00886 

24 

•04107 

54 

■01852 

84 

■01191 

114 

■00877 

25 

■04 

66 

•01818 

85 

•01177 

116 

■00870 

20 

•08846 

50 

■01780 

80 

■01108 

110 

•00802 

27 

•03704 

67 

*01764 

87 

•01149 

117 

•00866 

28 

•08571 

58 

•01724 

88 

■01180 

118 

•00847 

29 

■08448 

60 

•01696 

89 

■01124 

119 

•00840 

30 

■03883 

60 

•01067 

90 

•01111 

120 

•00888 | 


Ex. 1. 15-° x -01 = 1 = 0-05882. 


Ex. 2. ^?x -02 = lx2=-02826x2 = 0 , 04652. 
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VARIOUS USEFUL FACTORS. 


To convert:— 

Grams per litre into grains per cnbio foot, . 

jj ii ounces (av.) ,, 

>i .. lb-_ „ 

ii ii grains per fluid os. . 

n ,, grains per gallon 

Multiplier, 

487'00 
0-99884 
0-06248 
0-48847 

70 

Logarithm. 
2-040 4764 
1-999 4978 
5-796 8778 
1-041 9801 
1*845 0980 

Grains per gallon into owts. per million gallons 
n ii grama per litre* 

1-2755 

0-014286 

0-105 6889 
5-164 9020 

Percentage into grains per fluid os. . 

Percentage into grains per lb. . 

4-875 

70 

0-040 0781 
1-846 0080 

Litres into cubic feet. 

0-085821 

5-648 0845 

Cubic inches into gallons. 

feet .1 

„ yards „ .. 

0-008604 

6-2279 

168-162 

5-550 7949 
0704 8380 
2-225 7020 


16-08 grains per gallon = l ton per million gallons. 


* Or divide by 70. 


Usbfui, Data. 


Areas and Volumes of Bodies. 


Logarithms. 

Area of a circle 

=xH* 

r = radius 
x = 8-1415926 

0-467 

1409 

Volume of a sphere 
Volume of a oylinder 

= T rrr * 

= nr a h 

4 ^ = 4-1888 

0 

?= radius of base 
h = height 

0-622 

0886 

Surface of sphere 

= irr 3 

4r = 12'5664 

1-099 

2009 


II. Speaifio Gravity. 

To convert :— 

(1) Degrees of Twaddell’s liydrolneter into sp. gr. (water 

= 1000)—multiply by 6 and add 1000 

(2) Sp. gr. (water=1000) into degrees of Twaddell’s 

hydrometer—subtract 1000 and divide by 5 
(8) The sp. gr. of gases referred to atmospherio air as 
■± — 94 ~ 62 * m °l- wt_mol. wt 
y 1000 28 97 


1 kilogrammetTe =7‘2880 foot-ponods .0'869 8188 

1 foot-pound = 0‘18825 kilogram metres, .... I - 140 6804 
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USB OP LOGARITHMS. 


Notbs on Logarithms. 

Definition .—Tie logarithm of a number N is the value of a which 
satieties the equation a*—N, where a is some given number. 

Thus if a be 10 (which is the base of Briggs’ or-the ordinary 
logarithms), the logarithm of 100 is 2, that of 1000 is 3 ; and that of 
any number between 100 and 1000 will be greater than 2 and leas 
than 3, so that it may be represented by 2 followed by places of 
decimals. 

By means of a table of logarithms two numbers may he multiplied 
together by adding their logarithms and divided by subtracting their 
logarithms, the result in each case being the number corresponding 
to the logarithm thus obtained. Also Involution, or raising of 

E owera, is performed by multiplication of the logarithm of the number 
y the index of the power; and Evolution, or extraction of roots, by 
division of the logarithm of the number by the index of the root. ' 
The integral part of a logarithm is called the characteristic, the 
decimal part the mantissa. The characteristic may be either positive 
or negative ( e.g ., 2, 5),* but the mantissa is always positive. The 
mantissas only are registered in the tables, the characteristics always 
being found by the following simple rules :— 

(1) For numtiers greater than unity, the characteristic is one less 
than the number of digits, and is positive. 

(2) For numbers less than unity, the characteristic is one greater 
than the number of ciphers which precede the first significant figure, 
and is negative.* 

Ex. Log. 437'58 -2-0410676 

Log. 48768 -1-0410676 

Log. 4-8768 -0-0410676 
Log. -48758 -1-0410676 

Log. ■043768 — 3-0410676 


Negative characteristics are calculated according to the ordinar 
rules of algebraic addition and subtraction. A few examples wi 
show the methods employed. r 


(1) Addition— 

Add 0-8874064 
3-9246080 

2-0153908 6-8120290 

+ 6 added to 5 gives+ 2. 4 0 is increased to 4-7 by the 1 

carried over from the mantissa, 
and 4 - 7 added to 3 gives + 5. 


Add 6-3408641 
5-20854-27 


JTTie negative sign is placed over the characteristic to indicate that it alone is 
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Notes on Logabithms — continued. 


(1) Addition— continued. 

Add 5-6632874 
5-2486281 


Add 5-3010800 
5-0020020 


5-8088166 1-2030329 

Here the +1 carried over from the 
mantissae is added to 5 giving 
5, and 5 added to 5 gives 3. 


(2) Subtraction— 

itok—Change the sign of the characteristic in the lower line, and 
add as above. “ 


From 2-6847668 
Subtract 5-2468648 


6-4870116 

5 becomes, on changing 
its sign, + 8, and this 
added to + 2 gives + 6. 


From B-6848262 
Subtract 5-7866810 


5-8086942 

Here the 1 carried over 
subtracted from 5 gives 
5; then, changing 5 
into + 3 and adding it 
to 5, we have 5. 


From 5-8468637 
Subtract 57664620 


2-6813911 

Here 1 is carried over from the 
mantias©, and has to be sub¬ 
tracted from 5, giving 5: then 
changing the 6 into+ 6, and 
adding this to 5, we have + 2. 


s Proporhonal Porta—When the logarithm of a number consisting 
of five figures or less is required, it can be found immediately in the 
tables J but if the numbers consist of more than five figures, a little 
calculation is required in order to find its correct logarithm. This 
calculahon is greatly facilitated by the use of a table of proportional 
parte. It will be seen, on reference to the tables, that the differ¬ 
ences between the logarithms of numbers differing by 1 in the fifth 
figure remain remarkably constant for a great many successive 
numbers, except at the beginning of the tables, where the changes 
are rattier rapid. Thus, from 08600 to 67600 the difference between 
any two consecutive logarithms is uniformly 66 : e.a„ loir 66611 
(-4-8228936) subtracted from log. 66612 (=4'8229000) gives 66 
Suppose, then, we require the logarithm of a number consisting of 
M or seven figures, as for instance 66511-37, bow do we proceed to 
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USB OF LOGARITHMS. 


Notes on Logarithms — continual. 


This is done as follows:—First write down the next lower 
logarithm. 

Log. 66611-4-8228985, 


then since the difference of 1 in the fifth figure makes a difference 
of 66 in the logarithm, a difference of *37 will make a difference of 
60 x-37 = 24. 

.*. Log. 86611 '87 — 4-8228936 + 24—4'8228969. 

In the table of proportional parts, however, the amount to be added 
for every tenth of a unit is recorded, and by this table the above 
result may be easily found thus:— 

Log. 66611 -4-8228086 

Proportional part for "8 — 20 

Proportional part for 07— 46 


4-82289506 

Conversely, the number to six, seven, or more figures correspond¬ 
ing to a given logarithm, is found by a method exactly the converse 
of that given above. 

Example .—Find the number whose log. is 2-9324647. 

2*9824647 

2-9824586-log. 866*96 


12 

10 - -002 

20- -0004 


866 ’9624 the number required. 

Iu the above example the difference between the given log. and 
the next lower in the tables being 12, the required number will 
evidently lie between 866-962 and 866-963, since the proportional 
part for 2 is 10 and that for 3 is 16. Subtracting that for 2, namely 
10, we have 2 left Annex a cipher to the 2, since the figure to be 
found will occupy the next decimal place, and the number 20 thus 
obtained is the proportional part for the figure 4. 
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Computation. 

The following examples will show some of the methods that may 
be used with great advantage for reducing labour in working out 
the results of analytical and other chemical work :_ 


Ex. 1. Multiply 237-2 by 0-9889 

■9889 = 1- -0111 
Hence 237-2 


less the 
sum of 


2-372 

•2372 

•02372 


234-66708. 


Ex. 2. Multiply 578-043 by 2-987 
2 987 = 3- -013 
678-643 
3 


1736-929 


leas the \ 5-78643 

sum of/ 1-736929 


1728-406641. 


Ex. 3. Multiply 182 76 by 5 

= 182-76 x 1° = =913-8. 

2 2 


Ex. 4. Multiply 32 8 by 16. 

= 32-8x10 = 328 
+half of 32-8 x 10 = 164 


492 


Ex. 6. Multiply 0‘07964 by 26 

= -07964 x 129 = = 1-991. 

4 4 

Similarly to multiply by 2^ use the fraction Jjft 
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COMPUTATION. 


Ex. 6. 247-68 x 125 = 247-88 x~= ^999 

8 8 
=80960. 

Similarly to multiply by 12‘B use 1 $ J -, 

p.-nH to multiply by '126, simply diyide by 8. 

Ex. 7. In like manner, to divide by 25, 

This equals- 6768 * 4 


100 


= 57-68x4 
=230-72. 


Appeosemations. 


In many cases the results of chemical investigations may be 
regarded as accurate to the second or third decimal place only: 
hence it is simply misleading (not to say deceptive) to calculate 
such results to the fourth or fifth place of decimals. In these 
oases the following methods of obtaining approximate results, 
correct to the first or second place of decimals, will be found 
invaluable. 

Buie for multiplication. —Write the multiplier backwards under 
the multiplicand, and multiply in the ubuoI way, each digit of the 
multiplier being multiplied into the figure immediately above it, 
those to the right being ignored, except that next to it, from which 
we get the amount to carry forward. 

The amount to be carried forward is taken as the nearest 


multiple of ten. Thus 
any number from 


1 to 4 counts zero. 

„ „ 5 to 10 „ 1 

„ „ 10 to 14 „ 1 

„ • „ 15 to 20 „ 2 and so on. 

Omit all decimal points at first , the position of the decimal point 
in the answer being fixed afterwards,* as shown in the examples 
below. 


Ex. 8. Multiply 47'26 by 12-43, giving four figures in the answer. 


4726 

In the second line 2x6 = 12 

8421 

carry 1 

_ 

„ third line 4x2=8 

4726 

carry 1 

845 

„ fourth line 8x7 = 21 

189 

.carry 2 

14 




* “When I calculate I seldom trouble my head about the position of the decimal 
point in my answer until everything else la finished. There are many oleverlv- 
oontrlved rules about the position of the decimal point, but we forget them m 
praotleal work. Better never learn them."—Prof. John Perry, P.B.S. 
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To find where to put the decimal point, we notice that as 47 is 
nearly 50, the result will be rather less, than 50 x 12=600. Hence 
the answer is obviously 587‘4. 

If greater accuracy had been required, we should have proceeded 
thus:— 


47260 

8421 


47260 

9452 

1890 

142 


58744 Result 687'44. 


Ex. 9. Multiply 3'72 by *0006962. 

Here we make 3*72 the multiplier as it shortens the work. 

6902 As 8'72 is nearly 4, the answer will be rather 

278 less than '0006 x 4= '0024. 

17888 

4178 

119 Hence the result is *0022178, or *00222 oorreot 

■ ■ to the fifth decimal place. 

22178 


Ex. 10. To find the number of feet in 720*422 metres, given 
that 1 metre=3‘2808 feet, 

726422 

80828 720x 8 = 2178, heuoe the answer ia dearly 

- 2888'245. 

2179200 

145284 

68114 

681 


2888246 


Rule for division .—Proceed as in the ordinary way, but instead 
of adding ter os to the dividend cut off digits from the divisoT, 
carrying forward a figure from the digit rejected, just as in 
multiplication. 
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approximations. 


JSX. 11. Divide 2'71828 by 3'1416.. 
a 1 4,1.8)271828 (80626 
261828 

2OEIO0 Since — = 0*9, the answer ie 

« 18860 8 

_ evidently 0 ■80626. 

1660 

1671 


79 

68 


16 

16 


Ex. 12. How many onbio feet would be occupied by 1897 - 6 
gallons of water ? (6‘228 gallons occupy -1 cubic foot) 


6.2,2.8)18978 (8047 
18684 

292 

249 


Note that as 292 is not divisible 
by 822, we put zero in the 
quotient and then divide by 
62. The result is 8047. 


48 

42 

1 


Ex. 13. How many litres correspond to 6270864 cubic inches 1 
(1 litre=61 *036 cubic inches.) 

6,1,0,8,6)6270864 (1028800 


61086 


_ 

Here, and in similar oases, pro¬ 

176884 

ceed exactly as in ordinary 

122070 

division until all the figures in 


the dividend have been brought 

64294 

down, then begin to abbreviate. 

48828 

The result is seen at once to 

_ 

be 102889-0. 

6468 


4882 


684 


649 


86 


86 
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Examples requiring the use of Logarithms. 

Ex, 14. To find a factor to multiply tlie number of o.c. of 
normal sulphuric acid required to saturate 20 c.c. of gas-liquor so 
as to give ounces of HjS0 4 required per gallon 

Let x be the number of o.o, of normal Hulphuric add used. 

Then x c.o. contain *049 x grams of H^SO* 

“049 x grams for 20 c.c. will be 

*040 x 4646*96 tt qa 

- x grams H s !SL) 4 per gallon 

2SU 

or 

4646*96 onnces HjS 0 4 per gallon 
20 x 28-8496 ^ “ 

To find the value of the fraction 

log. -049 =2-6901961 log. 20 =1-3010800 

„ 4646-06 = 3-6676260 „ 28-3496 = 1-4626469 

2-3478221 2-7636769 

2-7636760 —— 

1-6942462 = 0*39287. 

The log thus obtained may now be abbreviated to 1*69426. 
Suppose that 32*8 ao. of normal HjS 0 4 were required, then 

log. 32*8-1-61687 
1-69426 

1-11012 = 12-89 ounces H^SO* per gallon. 

Logarithms should not always be used in similar cases, educe by 
out common factors m numerator and deno min ator some 
fractions reduce to very sim ple forms. Thus in a certain calcula¬ 
tion the following factor was required :— 

Ex. 16. 480 x 20 * 30 which readily reduces to B-. 

144 x 7000 7 
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Indirect Anai/ibis. 

The methods used are beet shown by examples. 

Ex. 1. A mixture of chlorides of potassium and sodium weighs 
0*9800 gram, and it contains 0*5633 gram of chlorine : to And the 
amount of each chloride present. 

Let a;™ weight of NaOl present 
y= „ KC1 

1 part by weight of NaCl contains 0*8066 01 

1 „ „ KOI „ 0*4756 01 

(See Table of Percentage Compositions.) 

ir+ j/ = 0*9800 (i) 

•6066a: + *4756^ = 0*5633 (ii) 

(ii) *6066a + *4756y=0*5033 

(i) x *4756 *4766o+*4756p = 0*4661 

*1310® =0*0072 

*0972 

t =0*7420 gram NaOl 

From (i) y = 0*9800 - *7420 = 0*2380 gram KOL 

Hence the mixture contains 

• ^ 1 °° =75*7 1 % Nadi 
and 24*29% KOL 

The general rule in this case is found as follows:— 

Let to—weight of mixed chlorides of sodium and potassium 
«=weight of chlorine 
and <c-= weight of NaCl praent. 

Then *6066a:+ *4750 (w-s)=s 
*131a + *4766 w=» 

*131 8 

*4750 “ *4756 V 
or -27544a;-2*10268 -w 

a = 3*6305 (2*1026s-w). 

Hence the rule :— 

Multiply the weight of chlorine present by 2*1026, and subtract from 
the product the weight of the mixed chlorides. The remainder multi¬ 
plied by 3*6305 will give the weight of sodium chloride present in the 
mixture. 

log. 2*1026—0*32276 log. 3*6306 = 0*55997 
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Tte above rale gives the best remits when the chlorides present 
are in approximately equal amounts. 

Sx, 2. 0 9000 gram of a mixture of calcium and stronti um 
carbonates yields 1-1892 grams of sulphates of calcium and strontium. 
What is the percentage composition of the mixture of carbonates ? 

Since 0a00 3 =100 and CaS0 4 =138 


Similarly 1 


1 gram of Ca00 s will yield 1-36 grams 0aS0 4 . 


SrOO 


1-244 


(See p. 51.) 


SrS0 4 . 


and y 


Then if the mixture contains x grams of 0a00„ 
and y „ SrOO. 

x grams OaCO. become 1-38 x prams CaSO. 

n/'v/'x ~ __* 


SrOOg 


1-244 y 

x+y -09000 " (i) 
l-30a:+l-244j/ = M892 (ii) 
fi)xl*36 1-36®+1-360^=11-2240 
(ii) 


SrS0 4 


l-36a+l-244y = 1-1892 

T16y= -0348 

V ~ - TT ^“ 0 ' 300 
, , ilo 

a=> "9 — *3—-6 


Hence the mixture consisted of 
•3x100 


—=33'33% calcium carbonate 
and 66'67%'strontium carbonate. 



Mousoular Wbiohts, and Pkrobntaqb OoMPoamoNB of commonly oooubj&ing Comp oi 
C=crystallized, A=anhy<lrotLB. 
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PHBOHNTAGH OOMPOSITIONB. 
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Chromium (Cr=52) 

Chromic chloride, . . Cr a Cl e 81676 Or 82'88; Cl 67 ‘17 

,, oxide,. Or a O, 162 Cr 68'42; 0 81’68 

,, etilphate, . . . Cr^SO^ 892 21 Cr s O s 8876; SO, 61-26 
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0=crystallised. A=anhydrons. 
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Magnesium (Mg=24-82) 

Magnesium chloride, . . . MgCl* 0^0 |(a} 2 96-24<)} ( A ) M K 25*64; CH 74’40 

,, carbonate, . - MgCO, 84‘82 MgO 47-82; C0 9 52'18 

„ oxide, . . . MgO 40"82 Mg 60-82; O 89 68 

„ nitrate, . . . MgCNO,)* 6^0 {(A) 148*840 } ( A ) MgO 27 *18 ; N a 0 # 72’82 
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„ nitrate, . . . Hg^Og)*, 2H 2 0 {(A)6261220} HfcO 74*58 ; N,0, 19-25 ; H*0 6*42 

„ oxide, . . . HgnO 417'2 Hg 90-16; 0 8-84 

Merourio chloride, . . HgC^ 271‘62 Hg 78 "88; 0126'12 






i, Molbcttlab Wbights, and Pbbokntagb Compositions of commonly oocjubbing Compound! 

0= crystallized, A = anhydrous. 
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NOTBH ON INDICATORS. 


Notes on Indicators. 

L—Litmus solution—A solution of a carbonate whilst being 
titrated should be boiled to expel the free OOg, otherwise 
it is easy to overstep the exact point of neutrality. The 
titration cannot be done by gas-light. 

According to B. Beinitzer (see Abstract, Analyst , 1894, p. 255) litmus Is 
the most serviceable indicator, excelling methyl orange in sharpness of 
change of colour and seusitiveneas, while it possesses an advantage over 
phenol-phthalein in being capable of being used In the presence of ammonium 
silts. Good litmus should be used : tbe solution must be boiled for seven or 
eight minutes and then neutralized with HG1,_ so that the wine-red colour 
remains even on further boiling: the solution is then cooled, and an canal 
volnme of strong alcohol added. The Btook solution should he kept in a 
bottle with a delivery pipette inserted through the cork. The fluid change 
of colour is shnriiest when the liquid to be titrated is boiled for seven or 
eight minutes and then wall cooled. Lunge has found (Ree Abstract Analyst. 
1895, p. 65) that litmus is only twice as sensitive as methyl orange, against 
eight times as claimed by Reimtzer. With normal aoid practically identical 
results are obtained, but methyl orange is preferable on account of its speed 
and the precautions to be observed in the use of litmuH. It is only with 
derinormol acid that litmus is undoubtedly superior, and Reinitzer's method 
of titration must be observed. Whatever indicator be usbcL, the fluid must 
be cold when titrated. 

If it is dcBired to titrate carbonates, using litmus or plienol- 
phthalein as indicator, the boiling should be carried out in 
vessels of porcelain, platinum or silver ; for even Jena glass 
is attacked by hot soda solutions (Lunge). 

II.—Methyl orange (the sodium salt of dimethyl-amido-azo- 
benzene-aulphonic acid). 

Solution .—One gram in a litre of distilled water. 

Unlike litmus, this indicator is unaffected by COj, HgS, 
boric, areeniouB, hydrocyanic, oleic, stearic, palmitic, and 
oarbolic adds, &c. It must not be used for organic acids ; 
nor in the presence of nitrouB acid or nitrites, which decom¬ 
pose it. It act-j admirably with mineral acids, and with 
ammonia and its salts. Ordinary temperatures should be 
observed. 

Colour reaction .—Taint yellow if alkaline, pink if acid. 

The use of methyl orange is recommended by Lunge 
(1903) for all cases except that of weak acids, for which 
phenol-phthalein should be employed. The strength of 
solutions titrated should not he leas than one-fifth normal 
As methyl orange is often adulterated with dextrin and 
other substances, every new lot purchased should be carefully 
tested, especially as to whether it gives a sharp change of 
colour with a mineral acid. 

IIL—Phenol-phthalein (C^H^OJ. 

Solution .—Dissolve 4 grams in 600 c.c. of strong alcohol, 
then add gradually with constant stirring 400 ao. of 
distilled water. 
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It is useless for the titration of free ammonia or its com¬ 
pounds, or for the fixed alkalies when salts of ammonia are 
present. Unlike methyl orange, it is specially useful in 
titrating all varieties of organic acids—viz., oxalic, acetic, 
citric, tartaric, &c. It may be used either in alcoholic solu- 
Uons or in mixtures of alcohol and ether. It gives no colour 
with bi carbonates. 

dolour reaction .—Colourless in neutral or acid liquids, but 
rendered purple-red by faint excess of caustic alkali 

IV. —Cochineal solution. 

Solution .—Digest one part of powdered cochineal with 10 
parts of 26 per cent, alcohol 

It is not very much modified in colour by CCL, and may 
beiised by gas-light. Most useful in titrating BolutionB of the 
alkaline earths, such as lime and baryta-water. Inapplicable 
m the presence of even traces of Fe or A1 compounds or acetates. 

dolour reaction .—Turned violet by alkalies; the original 
yellowish-red colour being restored by mineral acids. 

V. — Phenacetolin. 


Solution .—'Two grams in a litre of alcohoL 
This indicator may be used to estimate the amount of 
KHO or NaHO in the presence of KjOO a or Na^OO., or of 
OaO in the presence of CaGO* * 

dolour reaction .— 

With NH a and normal alkaline carbonates— dark pink. 
ji bicarbonates —intense pink. 

VI. —Bosolio Acld^o“ ida _80ldm yeUow - 

Solution .—Two grams m a litre of 60 per cent. alcohoL 
This indicator is excellent for all the mineral, but useless 
for the organic acids, except oxalic. It may be relied on for 
the neutralization of SO a with ammonia to normal sulphite. 

dolour reaction .—The pale yellow colour is unaffected by 
amds, but changed to violet-red by alkalies. 

VII. —Lacmoid. 


Solution .—'Three grams may be dissolved in a litre of dilute 
alcohol, hut Forster recommends the addition of 6 grams of 
DEphthol green to the above. The effect is to produce a more 
decided blue colour with alkalies than is given by lacmoid alone. 

Odour reaction ,—Blue in alkaline, red in acid, solution. 

VIII.—Congo Bed. 

Solution .—One gram in 100 c.c. of 10 per cent. alcohoL 
Specially useful in determining free mineral acidB in the 
presence of most organic acids. 

dolour reaction .—Bed in alkaline solution, turning blue 
with excess of acid. ° 


one IS 1 * 01 P° wdered turmeric with tlx parte of weak 
alcohol filter, and steep lome Alter paper In the filtrate. The naner when drv 
a f 110 yal i 1 i 0 ^ ant ' Ul1 ha raadiiy wetted by aqueoue^nUi. Out Into 
stripe and keep in a well-etoppered bottle oovered with buck paper. 
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THE PRECJI PIT ATINQ POWERS OF A FEW COMMON 
REAGENTS. 

1. Ammonium oxalate. (NH^OjO*, OH, 

40 grama per litre. 

For 1 gram taken 

10 O.C. mil precipitate 15-78 per cent OaO. 


28- 17 
38-31 

29- 11 


CaCOg. 

OaSO,. 

OajPjOg. 


2. Barium chloride. BaGl* 20Hj. 

100 grams per litre. 

For 1 gram taken 

10 c. 0 . will precipitate 13-11 per cent S. 

„ „ 3279 „ SO,. 

» » 40-10 „ H,SO fr 

„ „ 66-74 „ 0aSO 4 . 

3. Hydrogen disodium phosphate. Na^HPO*, 120Hj. 

100 grams per litre. 

For 1 gram taken 

10 no. will prtedpitate 11-17 per oent MgO. 

„ ,, 23 "46 ,, MgOOg. 

„ „ 83-61 „ MgS0 4 . 


4. Magn^nm Mixture. 

Dissolve 40 grams of “Magnesia” in HOI, and add a 
solution of 200 grams of NH^CJl in the least possible quantity 
of water. Add 0 960 ammonia till a slight precipitate 
forms, and filter. Make up the dear filtrate to 1600 c.o. 
with distilled water, and add 760 c.o. 0-060 ammonia. 
Shake well, allow to Btand, and filter for use. This solu¬ 
tion remains dear on diluting with fairly strong ammonia, 
and for 1 gram of a substance taken 


10 no. will precipitate 60 per cent.* Oa^PjO^ 

Thus, if 1 gram of a Belgian Phosphate were taken for 
analysis, 10 a a would doubtless be sufficient to precipitate 
the P„0 6 present, but 16 o.c. would be the proper amount to 
add, the excess being tested for in the filtrate in the usual 
way. 

6. Ammonium molybdate solution. 

Dissolve 60 grams of ammonium molybdate in 200 a a 
of -960 ammonia at a gentle heat, and pour into a mixture of 
400 no. strong nitric acid, and 400 ac. water contained in a 
beaker standing in water, adding the molybdate solution 
Blowly with constant Btirrmg. Allow the solution to stand, 
and filter for use. 

100 c. 0 . will precipitate O’10 gram P s 0 4 . 

* The strength of each batch should be determined and marked on the stock 
bottle. It usually come* out about 66 per oent. 
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I. Ikpbbial Sybtbm. 

Avoirdupois Weight. 

10 drams (dr.) = l ounoe (oz.) =487"5 grains* I log. 487*5 = 2*840 9781 

10 otrnoes =1 pound (lb.) = 7000 ,, | log. 7000 =8*845 0980 

14 pounds =1 stone 

28 ,, =1 quarter 

100 ,, =1 cental 

4 quarters = 1 hundredweight (cwt. )= 1121b. I log. 112=2 , 049 2180 
20 owtB. =1 ton =2240 lb. | log.2240 = 8*850 2480 

Note .—1 dram = 27*84876 grains (log. 1*483 8681). 

24 grains (and its multiples 48, 72, 120, and 240 grains) are legal 
weights and are commonly called pennyweights. 

Troy Weight. 

1 troy ounoe (oz. tr.) = 480 grains* | log. 2*081 2412 
Weights less than a troy ounoe are expressed as decimals of an ounce, 
not in grains. For greater weights, ounces only are used, there being no 
troy pound. 

Apothecaries' Weight. 

20 grains* (gr.) =1 scruple (9) 

8 scruples or 00 grains =1 drachm (5) 

8 drachms or 480 grains=1 ounce (3$) 

Apothecaries' Measures. 

00 minims (min.) = l fluid draohm (fl. dr. or f 3^ 

8 fluid drachms =1 fluid ounoe (fl. oz. or/^) 

20 fluid ounces =1 pint (O)t 
8 pints = 1 gallon (0) t 

Relations of Apothecaries' Measures to Weights. 

(All liquids to be measured at 02° Fah.) 

Logarithms. 

1 minim is the measure of 0*9116 grain weight of water 1*959 7808 
1 fluid draohm ,, 54*087 grains ,, 1*787 8881 

1 fluid ounoe ,, 487*5 ,, ,, 2*040 9781 

1 pint ,, 8750 „ ,, 8*942 0081 

1 gallon „ 70000§ „ ,, 4*845 0980 

1 pint = 84*0829 cubic inches.. 1*640 1161 

1 gallon = 277 *408 „ . 2*443 2051 

1 gallon = 0*10067 cubic foot ...... 1*205 0014 

Oubio inohes x 0*02888 =pintB. 5*469 8849 

,, x 0*008804=gallons. ..... 5*660 7949 

Cubio feet x 0*228 = gallons . ..... 0*794 8880 

* The grain is common to Avoirdupois, Troy, and Apothecaries’ Weights, 
t O»ootarius, is., one-eighth t O—(Bomon) Oongini. 

| According to EL J. Ohaney 

One gallon once distilled water weighs 70000*6 grains. 

„ twloo „ „ 7UO00-0 ,, 

„ well water weighs 70066*0 „ 
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12 inches 
8 feet 
6 feet 
6$ yards 


■Weights ahd Mbisiteibs— continued. 


Long Measure . 


= 1 foot 
= 1 yard 
= 1 fathom 

= 1 rod, pole, or perch 


4 poles —1 chain 

40 poles =1 furlong 

8 furlongs = 1 mile=1760 yards 


Square Measure, 

144 square inches = 1 square foot 
9 „ feet=l ,, yard 

80£ ,, yards = 1 ,, rod, pole, or perch 

40 ,, poles = 1 rood 

4 roods = 1 sore = 4840 square yards 
640 acres = 1 square mile 


Cubic or Solid Measure. 


1728 cubic inohes=l cubic foot log. 1728=3-287 6487 

27 „ feet =1 „ yard log. 27 = 1-481 8088 


1 oubio inoh of water* at 02° Fahr. weighs 262'280 grains 

0-67065 oz. (av.) 
0-080041 lb. 


1 oubio foot 


I l 

1 oubio yard 


690-468 oz. (av.) 
02-2780 lb. 
28-2491 kilograms 
0-76008 tons 


Logarithm!. 
2-401 8981 

1- 700 6160 
5-660 7961 

2- 098 4687 
1-794 8888 
1-461 0040 
1-876 4640 


Measures of Capacity. 

4 gills =lpint 
2 pints =1 quart 
4 quarts = 1 gallon 


Ale, Beer, and Porter Measure. 

The following measures between square brackets, though in common 
use, are not officially recognized :— 

4 gills =1 pint 

2 pints =1 quart 

4 qunrts =1 gallon 

[9 gallons =1 firkin 

2 firkins =1 kilderkin = 18 gallons 
2 kilderkins = 1 barrel =80 ,, 

8 =1 hogBhead= 64 


8 hogsheads = 1 butt =108 


] 


Dry Measure. 


2 

4 

2 


pints = 1 quart 
quarts =1 gallon 
gallons = 1 peck 


4 peokB =1 bushel 
8 bushels =1 quarter 
4 quarters=l chaldron 


* distilled to ter Creed from air. 
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Weights and Measures — continued. 

II. Wbights and Mbasubes of thus Mbtbio System. 
Measures of Weight. 

The metric standard of weight is the kilogram, which is represented hv 
a oertain mdio-platinum weight deposited with the Board of fcade. 

One-thousandth port of this is the gram, whioh oonatitntes the 
jmwtKai unit of weight, the fractions and multiples of which are thus 


0-1 gram = 1 decigram 
0-01 ,, =1 centigram 

O'OOl ,, =1 milligram 


10 grams = 1 dekagram 
100 ,, =1 hectogram 

1000 ,, =1 kilogram 


10 metres = 1 dokametre^ 
100 ,, =1 hcotoinetre 
1000 .. =1 kilometre 


Measures qf Capacity. 

'nie standard litre is the volume of a kilogram of pure water at 4° O. 
under standard barometric pressure. 1 

The value of the litre in terms of the ciibio centimetre haB been the 
subject of numerous experiments. Very exact measurements made durum 
the last few years have shown that 8 

1 litre = 1000"028 cubic centimetres (o.c., c. om._ or om®.). 

Hence in all but the most refined exj>eriments the volumo of one cubio 
centunetre may be taken as one-thousandth part of that of the litre (i e 
one millilitre or mil*). ' 

1 deoihtr8=100 o.c. | 1 centilitre= 10 o.o. 

Measures of Length. 

The metre is represented by the length, at 0" O., of a certain iridio- 
platinnm bar deposited with the Board of Trade. The fractions and 
multiples are as follows :— 

0-1 metres 1 decimetre (rim.) 

0-01 ,, = 1 centimetre (cm.) 

0-001 ,, =1 millimetre (mm.) ,_ (> ___ 

0-001 mm. =1 mioron (yu) = 0’00004 inch (nearly)? 

0-000001 mm. =1 micromillimetret (/i/x)=0-00000004 inch (nearly). 

Tablbs foe the Conversion of Metric into Impbbial 
Measures and vice versa . 

A. Linear Measure. 

i -it Metrio Into Imperial. Logarithms. 

1 millimetre (mm.)= 0-0398701 inches . . . 3*595 1666 

1 centimetre (cm.) = 0-898701 „ . 1*595 1666 

1 decimetre (dm.) = 8-987011 „ 0-695 1666 

1 metre (m.) =89-870118 „ . 1-595 1606 

n = 8-280848 feet 0-516 9855 

, , *» = 1-093614 yards . . . 0-088 8642 

1 kilometre (km.) = 1093-61420 „ . . . 8-088 8642 

„ = 0*021872 mile . . . 1-793 3517 

# cm. =18 inches within 0-008 inoh in deficiency. 

127 cm. =50 inches within 0‘00006 inch in excees. 

purposes the terms mil (-millilitre), deoimil ( 0-1 mm and 
centimll (0-01 mil) have been legalised and are in regular use. ' 

t The prefix mien always lndloatea a millionth part of the unit. 
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WflIGHTS AND MHASHEBS. 


Wwghtb and Mbabdubs — continued,. 



Imperial Into Metric. 1 

Logarithms. 

1 111011 = 2'fi±0 centimetres 

■ • ■ ■ 

0-404 8887 

1 foot =80-480 

• 

• • ■ ■ 

1-484 0160 

lyard= 0-014899 metre 

• ■ ■ • 

1-901 1867 

1 mile= 1-0098 kilometres . 

. 

0-206 0370 

*,* 1018 metres=1764 yards, 

within 0'008 inch in 

defioiency. 

mm. Inch. 

Metres. Feet. 

Inohes. mm. 

Feet. Metres. 

1=-08087 

1 = 3-2803 

1= 26-4 

1 = 0-8048 

2= -07874 

2 = 0-6618 

2 = 60-8 

2=0-0090 

8 = "11811 

8 = 9-8424 

8 = 78-2 

8 = 0-0144 

4=-16748 

4=18-1282 

4 = 101-6 

4 = 1-2102 

6=-19086 

5 = 18-4040 

6 = 127-0 

6 = 1-6240 

0=-28622 

6 = 19-0848 

6 = 162-4 

6 = 1-8288 

7=-27669 

7 = 22-0860 

7 = 177-8 

7 = 2-1880 

8=-81400 

8 = 28-2404 

8 = 208-2 

8 = 2-4884 

9 =‘86488 

9=20-6272 

9 = 228-0 

9 = 2-7482 


B. Square Measure. 

Metrla Into Imperial, 

1 square decimetre (dm a .) = 15'500 square inoheB 
1 square metre (m a .) or centiare= 107039 square feet . 

,, ,, = 1 ‘I960 square yarda 

1 axe (100 equare metres) ' = 110-00 ,, „ 

i, ,, = 0-024711 aores 

Imperial Into Metric. 

1 square inch = 0-4510 square centimetres 
1 Bquare foot =9'2908 square decimetres 
1 square yard= 0-836128 square metres 
1 acre =0‘40408 hectare ! 

1 Bquare mile (840 acrea)=269'00 hectares . 


Logarithms. 
1-190 8817 

1- 081 0097 
0-077 7812 

2- 077 7812 

3- 802 8908 


0-809 6074 
0-008 0207 
1-922 2717 

1- 007 1117 

2- 418 2998 


0. Cubic Measure and Measures of Capacity. 



Me trio into Imperial, etc. 


1 cubic oantimetre (o.c.)= 0-0010 oubio inch 

. 3-785 8298 

>1 

= 16-894 minims 

. 1 -227 7826 

II 

= 0-28157 flnid drachm . 

. 1-449 6804 

„ »l 

= 0"086196 fluid ounoe . 

. 3-540 4988 

1 litre 

= 01 "024 oubio inches 

. 1-786 6007 

II 

= 86"1960 fluid ounces 

. 1-640 4088 

II 

= 1"76980 pints 

. 0-245 4038 

II 

= 0"2200 gallon 

. 1-842 4227 

1 hectolitre 

= 2’75 bushels 

. 0-439 8827 

1 cubic metre (m*.) 

= 86-8148 onbic feet 

. 1-647 9607 

II 

= 1-807964 cubic yanlB . 

. 0-110 6924 


%* 26 litres = 44 pinta within O’OOB pint in deficiency. 

5 dekalitres = 11 gallons within 0*002 gallon in deficiency. 
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Weights and Me as hobs— continued. 


o.& Oubio Iueh. 

1 = 0-061024 

2 = 0-122048 
8=0-188072 
4=0-244096 
6 = 0-806120 

6 = 0-886144 

7 = 0-427108 

8 = 0-488192 
9=0-649210 


Litres, Pluid Ounoe*. Piute. Gallons. 
1= 86-1980= 1-7698-0-22 
2= 70-3920= 8-6196 = 0-44 
8 = 106-6880= 6-2794=0-66 
4 = 140-7840= 7-0892 = 0-88 
6=175-9800= 8-7990 = 1-10 

6 = 211-1700 = 10-6688 = 1-82 

7 = 248-8720 = 12-3180 = 1-64 

8 = 281-6080 = 14-0784 = 1-76 

9 = 818-7640 = 16-8382=1-98 


1 onbio inoh 

= 

Imperial Into Metrio. 

10*887 oubio centimetres . 



Logarithms. 

. 1-214 4996 

1 oubio foot 

= 

28 "817 cubio decimetres . 



. 1 -462 0472 

1 cubio yard 

= 

0-764668 cubio metre 


■ 

. 1-888 4070 

1 minim 

= 

0-069 cubic centimetre . 



, 5-770 8620 

1 fluid drachm 

= 

8*662 cubio centimetres . 



. 0-660 4780 

1 fluid onuce 

= 

28-4128 „ 



. 1-468 6004 

1 pint 

= 

608-26 „ 



. 2-764 6894 

1 quart 

= 

1-18049 litres . 



. 0-066 6660 

1 gallon 

a 

4-6469081 litres 



. 0-067 6200 


Oubio Inches Oubio Centimetre*. 

Pluid Otuioea. Onbio Centimetre*. 

1= 16-887 

1= 28-4128 

2= 82-774 

2= 60-8240 

8= 40-101 

8= 86-2800 

4= 66-648 

4 = 118-0492 

6= 81-986 

6 = 142-0016 

6= 98-822 

0 = 170-4788 

7 = 114-709 

7 = 198-8801 

8 = 131-000 

8 = 227-2984 

9 = 147-488 

9 = 266-7107 

Pint*. Litres. 

Gallon*. Litre*. 

1 = 0-66826 

1= 4-64600 

2 = 1-18060 

2= 9-09192 

8 = 1-70476 

8 = 18-68788 

4 = 2-27800 

4 = 18-18884 

6 = 2-84126 

6 = 22-72980 

6 = 3-40960 

0 = 27-27676 

7 = 8-97776 

7 = 81-82172 

8-4-64300 

8 = 86-80708 

9 = 6-11426 

9 = 40-91364 


Note .—The following measure, though not recognized officially, is much 
used in oertaiu trades:—1 bam gallon=17 pintB = 9‘00O2 litres. 
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WUIGtTJ.'B AST) MBASUnfla. 


1 

1 

1 

1 


1 


1 

1 


Whights and MHAfltrHBH*-eoniinu«i 
Metric Into Imperial, 
milligram = 0*0154:8 gram . 
centigram= 0*15482 grain . [ ' 

decigram = 1 *54824 grains. 
gram =16 *48280 grains. 

If = 0 ■604888 dram avoirdupois 

„ = 0*035274 ounce avoirdupois 

„ = -0*25721 drachm (apothecaries) ’ 

ii = 0*0821607 ounce troy 

kilogram =16482*8504 grains . ' 

„ =86*2740 ounces avoirdupois* 

,, = 2*2040228 lb. . ' 


„ =82*15074 ounces troy . 

quintal (100 kilog.) = l*608 cwt, . 
tonne (1000 kilog.) =0*9842 ton . 


logarithm*. 

2*188 4824 
1*188 4824 
0*188 4824 
1*188 4824 
1-751 6780 
2*647 4647 
1*410 2878 
2*607 1906 
4*188 4324 
1*647 4647 
0*848 8841 
1*607 1910 
0*294 0261 
1*998 0884 


Gram*. Grains. Ox. (Av.). 0* (Troy) 

1= 16*48280 = O*O36274 = 0*0821507 
2= 80*80472=0*070548 = 0*0048014 
8= 48 *29708 = 0*105822 = 0*0084621 
4= 0172944 = 0*141090 = 0*1286028 
6= 77 *10180 = 0*170370 = 0*1007585 
0= 92 *69416 = 0*211644 = 0*1929042 
7=108 *02052 = 0 "240918 = 0*2250549 

8 = 128*46888 = 0*282192 = 0*2672050 

9 = 188 *89124 = 0*817480 = 0*2898568 


Kilo grama, Pound*. 
1= 2-20402 
2= 4-40924 
8= 0*01880 
4= 8-81848 
6-11*02810 

6 = 18*22772 

7 = 15 48234 

8 = 17*08090 

9 = 19-84158 


1 

1 

1 


Imperial Into Metrlo. 
grain = 0*0648 gram 

drachm (apoth.) = 8*888 grams 

ounce troy = 81*1085 grams 


Logarithm*. 
5-811 6760 
0*680 7208 
1*492 8098 


1 dram avoirdupois = 
1 ounce avoirdupois = 
1 pound (16 oz.) = 
1 atone (14 lb.) = 
1 quarter (28 lb.) = 
1 cwt, (112 lb.) 

1 ton (20 cwt.) = 


1 *772 grams 
28*850 grams 
453'59 248 grams , 
0-860 kilograms 
12*70 kilograms . 
60*80 kilograms . 
0'6080 quintal . 
1010*0 kilograms 


. 0*248 4087 
. 1*462 5581 

. 2 060 0068 
. 0*802 7787 
. 1*108 8087 
. 1*705 8087 
. 1706 8087 
. 8-000 8987 


* * 

* 


Grain b. Gram. 
1=0-00480 
2 = 0*12900 
8=0-19440 

4 = 0*25920 

5 = 0*82399 
0 = 0*88879 

7 = 0*46869 

8 = 0*61889 

9 = 0*58819 
44 kilograms 

808 


Ounce*. (At.)-G rams. 
1= 28*36 
2= 6070 
8= 86*06 

4 = 118-40 

5 = 14176 
0 = 170*10 
7 = 198*45 
8=220*80 
9 = 256*16 

= 97 pounds within 0*004 lb. in excess 
= 668 „ ,, 0*0000 lb. „ 
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Weights and Mhasubbs — continued. 


Pounds to Kilograms. 

Hundredweights to I 

1=0-46869 

1= 60-8 

2 = 0-00718 

. 2=1016 

8 = 1-88077 

8 = 162-4 

4 = 1-81488 

4 = 203-2 

6 = 2-28796 

6 = 264-0 

6 = 2-72164 

6 = 804-8 

7=8-17618 

7 = 866-6 

8 = 8-62872 

8 = 406-4 

0=4 08281 

9 = 467-2 


Ex. 1. How many c.c. are equivalent to 84 cubic inches? From 
,he table on p. 59 8 cubic inches = 131 “098 c.c. and 4 cubic inches 
= 65‘648 c.0. 

80 = 1810-06 
4= 66-548 


1876-608 o.a 


Ex. 2. How many grams are equivalent to 39 ounces (av.) ? 

80 = 850-6 
9 = 266-15 


1105 '05 grams. 


Table showing the Signs used in wbiting Mbdioal 

PBBSOBiniONS. 


4 grain . 

1 „ ■ 
11 „ ■ 

2 grains 
21 „ . 

4 „ . 

8 „ • 

1 Bcrnple 

1 

11 

2 sorupleB 


I 

gr. j, or gr. L 
gr. ins. 

gr. ii, or gr. ij. 
gr. iiaa. 
g*- iv - 

gr. viii, or gr. viij. 
9 as. 

9 i, or 9 j. 

9 is*. 

9 ii, or 9 ij. 


1 dmolim . 

11 „ 

2 drachma . 



3 i. 3 j. 

3 18a - 
3 ”, ot 3 

5 iii, or 3 iij. 
3 iiisa. 

3 viisa. 

3 aa. 

5 1, °r l j. 

x iss. 
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FOREIGN WRIGHTS A2TD MONEY. 


Foshan "Weights anp thbir English Equivalents. 

The Metric System is compulsory in Austria, Belgium, France, 
Germany, Greece, Italy, Luxemburg, tbe Nethexlands, Portugal, 
Ron mania, Spain, Switzerland, Turkey, and most of the South 
American Republics ; optional in Great Britain, the United States, 
and Russia. 


1 quintal =100 
1 metric ton = 1000. 

Austria-Hungary . 
Belgium 

Egypt .... 
Germnny 

Russia .... 

Sweden 
Switzerland . 

China .... 

Japan .... 


tg- 


rl‘968 owta. 

;0‘9842 tom 

1-1023 American short tons (2000 lb.) 
1 pfund = 1 -2846 lb. 

1 livre = 1102 „ 

1 camtar = 99 046 „ 

1 pfund = 600 grams. 

1 pound = 0‘9028 lb. 

1 pood * (40 pounds) = 80118 lb. 

1 pound = 0-9877 lb. 

1 xollpfund = 600 grams. 

1 tael = 1-888 oz. av. 

1 chin = 10 tael=1-838 lb. 

1 kin ( = 100 mommd) = 1-8227 ,, 

1 kwan = 8-2072 lb. 

[1 koku ( = 100 aho)= 89-074 gallons,] 


Fobbign Monets and thbib English Equivalents 
(in 1912). 


Anstria-Hungary 

China 

Denmark, Norway and 
Sweden . 

Egypt 
France 
Germany . 

Holland 

India .... 
Italy . 

Japan. 

Mexico 
Russia 
Spain 
Turkey 
United States 


1 krone ( = 100 heller) 

1 silver yuan or dollar ( = 100 cenia) 

1 krone ( = 100 ore) . 

£E1 ( = 100 piastres) . 

1 frano ( = 100 centimes) 

1 mark ( = 100 pfennigs) 

1 florin ( = 100 oentB) . 

1 rupee ( = 10 annas) . 

1 lira ( = 100 centesimi) 

1 yen (= 100 sen) 

1 peso ( = 100 centavos) 

1 rouble (100 kopecks) 

1 peseta (=100 centimos) 

£Tl ( = 100 piastres) . 

1 dollar ( = 100 cents) . 


* 08 pood i =« 227B lb, =1 English ton nearly. 


a. d. 
0 10 
2 0 


1 14 

20 8jJ 

0 94 

0 Ilf 
1 8 

1 4 
0 

2 0 J 

a 14 


o 

18 

4 


94 

0 

14 
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Drosmu of Commonly Ocoubjbing Substanobs (at 16° 0.) 


Agate 

Aluminium 


. 2-0 

Graphite . 



. 2*2 


. .2-7 

Gutta-percha 



. 0-97 

Aluminium bro 

nze 

. 8 

Gypsum 

Heavy spar 



. 2-8 

Amber 


. 11 



. 4*6 

Amphibole 


. 2'9-8 , 4 

Haematite. 



. 5 

Anhydrite 


. 2-B8 

Iceland Spar 
India-rubber 



. 2*7 

Anthmdte 


. 1'27-1-75 



. 0*99 

Antimony 


. 0-7 

Iodine 



. 6 

Apatite 


. 8-8 

Iron (cast). 



7‘2-7 *6 

Arragouite 


. 8 

» (wrought) 



. 7-8 

Arsenio 


. 6-7 

Ivory 

Lead . 



. 1-92 

Bamboo 


0*4 



. 11*4 

Basalt 


. 2-8 

Lime . 



. 8*2 

Beeoh-wood 


. 0-09—8 

Lithium 



. 0-69 

Beeswax . 


. 0-90 

Magnesium 
Mahogany . 
Marble 



. 1-74 

Bismuth . 
Bitumen . 


. 9-8 
. 0'8-l-2 



-60-86 
. 2-7 

Box-wood . 


. 0-96 

Mammy . 



. 18-0 

Bone. 


1-8-2 

Mica . 



2-7-8-1 

Brass 


. 8 

Milk (cows’) 



. 1 08 

Brick 


. 2-1 

Nioked 



. 8-8 

Bromine . 


• , • 8 

Oak (English) 



. 0-98 

Bronze coinage 


. 8-00 

PhoaphoruB (yellow) 


. 1-84 

Cadmium . 


. 8 0 

„ (red) 


. 2-2 

Calamine . 


. 8-4 

Tine-wood . 



. 0-60 

Calo-spar . 


. 2-7 

Platinum . 



. 21-6 

Chalk (mean) 


. 2-8 

Potassium . 



. 0-88 

Charcoal . 


. 1-8 

Pyrites (iron) 



. 6 

Chloroform 


. 1-5 

Pyrolusite . 



. 4-9 

Chrome alum 


. 1*88 

Pumice-stone 



2-2-2-S 

Cinnabar . 


. 8*1 

Sand (dry) 



. 1 4 

Coal . 


. 1-26-1-88 

Sea-water . 



. 1-020 

Cobalt 


. 8-9 

Selenite 



. 2-8 

Copper 


. 8-9 

Serpentine. 



. 2-0 

Cork . 


. 0-24 

Silver 



. 10 6 

Diamond . 


. 8-6 

,, coinage (British) 

LO-86-10-88* 

Dolomite . 


. 2-9 

Slate . 



2-1-2-8 

Ebony 

Elm (dry) . 


. 1-2 

Sodium 



, 0-97 


. 0-69 

Spermaceti 



. 0-94 

Emery 


. 4 

Strontianite 



. 8-6 

*ri 

c£' ** 

S3 

T • 
$ 


. 2-4-2-0 

Sugar (oaue) 



. 1-0 


. 0-75 

Sulphur 



. 2-07 

Fluor-spar . 


. 8-2 

Talo . 



. 2-5 

Galena 


. 7-8 

Teak (Indian) 



. 0*00 

Glasa (crown) 


. 2-5 

Tin . 



7‘24-7-3 

» (Sint) 


2-9-8-25 

Tinstone . 



. 0-9 

,, (Bohemian) 

. 2'4 

Turpentine 

Willow-wood 



. 0-87 

Glycerine . 


. 1-20 



. 0*4 

Gold . 


. 19-8 

Witherite . 



. 4-8 

,, (18 carat) 


. 14-88 

Wool 



. 1-0 

,, coinage (B 

ritish) . 17 "48* 

Zino . 



0-9-7-2 

Granite 

. 

. 2-7 

Zinc blende 



. 4-16 


* These values were kindly supplied to the author by Dr. T. K. Rose, Chemist to 
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FREEZING MIXTURES. 


Table of Freezing Mixtures. 


A mixture of (parts by weight). Temperature 

produced. 


Snow or broken ioe, 2; common salt, 1 -18°0. 

i, ,, 8; caloium obloride (aryst.) 4 . -48°0. 

Sodium sulphate (cryat), 8 ; umriatic acid, 5 . . -18° 0. 

„ phosphate (oryst.), 9 ; nitric acid, 4 . . -29° 0. 

Ammonium nitrate, 1 ; water, 1 .... -10° 0. 

A m monium ohloride, 5 ; saltpetre, 5; sodium 

sulphate, 8 ; water, 16.. 20° 0. 


Abis.—The solids used should he finely powdered. 


Tablh foe thb Conversion op Percentage into 


OWTS 

., QBS., . 

AND LB. 

PER 

TON, AND INTO 

QBS. AND LB. 

PER 

OWT. 

Per 

OQlit. 


Per ton. 

Per owt 

Per 

06Qt. 


Per ton. 

Per owt. 


owt. 

qrs. 

Ib. 

qr>. 

lb. 


owt 

qrs. 

lb. 

qrs. 

lb. 

1 

• • 


22*4 


1-12 

28 

6 

8 

6-6 

1 

4-48 

2 


i 

10-8 


2-24 

80 

e 



1 

6-00 

8 

• • 

2 

11*2 


8-80 

81 

a 


22-4 

1 

0-72 

4 

• • 

8 

6'8 


4-48 

82 

0 

1 

10-8 

1 

7-84 

s 

1 




6-60 

83 

o 

2 

11*2 

1 

8-00 

6 

1 


22-4 


fl'72 

84 

0 

8 

6-0 

1 

10-08 

7 

1 

i 

10-8 


7-84 

86 

7 



1 

11-20 

8 

1 

2 

11-2 


8D0 

88 

7 


22-4 

1 

18-82 

0 

1 

8 

B-0 


10-08 

87 

7 

T 

10-8 

1 

18-44 

10 

2 


22-4 


11-20 

B8 

7 

2 

11-2 

1 

14-60 

11 

2 



12-8-1 

80 

7 

8 

6-0 

1 

16-88 

12 

2 

i 

10-8 


18-44 

40 

8 



1 

10-8 

18 

2 

2 

11-2 


14-60 

41 

8 


22-4 

1 

17-02 


2 

8 

6'8 


16-68 

42 

8 

1 

10-8 

1 

10-04 

IB 

B 


22-4 


18-8 

43 

8 

2 

11-2 

1 

20-10 

10 

8 



17-02 

44 

8 

8 

6-0 

1 

21*28 

17 

8 

i 

10-8 


10-04 

46 

0 


1 

22*40 

18 

8 

2 

11 "2 


20T6 

40 

e 


22-4 

1 

28-62 

10 

8 

8 

6-8 


21-28 

47 

e 

! 

18-8 

1 

24-04 

SO 

l 


22*4 


22-40 

48 

0 

2 

11-8 

1 

26'78 

21 

4 

<• 


23-62 

40 

9 

8 

6-0 

1 

28-88 

22 

4 

1 

lfl-8 


24-04 

60 

10 


a 

23 

4 

2 

11-2 


2670 

61 

10 


22-4 

2 

1*12 

24 

4 

8 

6-6 


28-88 

62 

10 

i 

10-8 

2 

2-24 

SB 

6 . 


22-4 

i 


68 

10 

2 

11-2 

2 

8S8 

28 

6 


l 

1-12 

64 

10 

8 

6-0 

2 

4-4A 

27 

6 

i 

1C'8 

l 

2-24 

66 

11 

2 


28 

6 

2 

11-2 

l 

3-80 

68 

11 


22-4 

2 

0-72 


Per oent 

•i 

•8 

•a 

■4 

lb. per ewt 

•112 

*2>4 

■880 

-448 

lb. per too 

2*24 

4-48 

e-72 

8-00 


•6 

■66 

11*8 


■0 



*0 

■072 



1*008 

18-44 



20-18 














PHBOENTASEB INTO OWTS., HTO., PEB TON. 


Table bob the Oonybbbion op Pebobntagb into ctwtb., qbb., 

LB. PEB TON, AND INTO QBS. AND LB. PEB OWT.— Continued 


Per 

cent. 


Per ton. 


Par owL cent Per ton. 


Per o 


87 

owt. 

11 

qn. 

1 

lb. 

108 

qra. 

2 

lb. 

784 

79 

owt. 

15 

qn. 

8 

lb. 

6-0 

qra. 

8 

58 

11 

2 

11-2 

2 

880 


16 



8 

59 

11 

8 

5-0 

2 


81 

10 


22-4 

8 

00 

12 



2 


82 

10 

1 

10-8 

8 

61 

12 

. . 

22'4 

2 

12-82 

83 

16 

2 

11-2 

8 

62 

12 

1 

108 

2 

13-44 

84 

16 

8 

6-6 

8 

68 

12 

'2 

11-2 

2 

14-50 

85 

17 


8 

64 

12 

8 

6'0 

2 

15-08 

86 

17 


22-4 

8 

66 

lfl 



2 

108 

87 

17 

i 

10-8 

8 

66 

18 


22-4 

2 

1782 

88 

17 

2 

11-2 

8 

67 

18 

1 

10-8 

2 


89 

17 

8 

6-0 

8 

68 

18 

2 

11-2 

2 


wil 

18 



8 

60 

18 

8 

6'6 

2 

21-28 

91 

18 


22-4 

8 


14 



2 

mwm 

92 

18 

1 

10-8 

8 

71 

14 


22-4 

2 

23-52 

08 

18 

2 

11-2 

8 

72 

14 

1 

18-8 

2 

24-04 

■rl 

18 

8 

6-0 

8 

73 

14 

2 

118 

2 

26-76 

96 

IB 



8 

74 

14 

8 

6 0 

2 

26-88 

96 

19 


22-4 

8 

75 

16 



8 


97 

19 

~L 

10-8 

8 

76 

16 


22-4 

8 

1-12 

98 

19 

2 

11-2 

8 

77 

16 

i 

168 

8 

2-24 

99 

19 

8 

6-0 

8 

78 

■ 15 

2 

11-2 

8 

8-80 

m 

20 

•• 


4 


Per oent. 

■1 

•2 

■8 

KM 

■6 

•0 

EV 

•8 

lb. per owt. 

■112 

■224 

-380 

BFfEg 

■50 

•072 


•890 

lb. per ton 

2-34 

4-48 

0-72 


11-2 

13-44 


17-02 


Table fob the Conversion of Drams per lb. into 
Percentage and into lb. peb ton. 


Drama 
per lb. (ay.) 


Per cent. 


Lb. per ton Drams 
(2240 lb.). per lb. (it.) 


Per oent. 


Lb. pe 
(2240 


8 


0-097660 

2187494 

8} 

1-400 

82' 

r 0-1 nearly) 


4 

1-602 

85 

•195 

4-87 

41 

1-600 

87' 

-293 

6-50 

4 1 

1-768 

89' 

"890025 * 

8-76 f 

4J 

1-865 

41' 

■488 

10-94 

5 

1-068 

48 

■580 

13-18 

10 

8-906 

87' 

■688 

16-81 

15 

5-859 

181' 

•781 

17-60 

20 

7-812 

176' 

•879 

19-08 

25 

9 765 

218 

■970 

21-87 

80 

11-719 

262 

1-074 

24-00 

85 

18-072 

800 

1-172 

26-25 

40 

16-025 

850 

1-269 

28-48 

40 

17-678 

898 

1-807 

80-62 

50 

19-681 

487 
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THE BABOilETEK. 


The Barometer. 

L Inches into Millimetres. 


In eh as. 

Milli¬ 

metres. 

Inches. 

Milli¬ 

metres. 

Inches. 

Him- j 
metres. 

Inches. 

Milli¬ 

metres. 

27-5 

008-49 

28-4 

721 -35 

29-8 

744-21 

80-2 

707-07 

■6 

701-03 

•6 

723-80 

•4 

740-76 

■8 

709-61 

•7 

703-67 

■0 

720-48 

■5 

740-29 

■4 

772-15 

•8 

706-11 

-7 

728-97 

•6 

751-88 

•6 

774-69 

•9 

708-05 

■8 

781-51 

■7 

754-37 

■0 

777 23 

28-0 

711-19 

■9 

734-06 

■8 

760-91 

■7 

779-77 

•1 

713-78 

29-0 

786-59 

■0 

769-46 

•8 

782-31 

■2 

710-27 

1 

739-18 

80 0 

761-99 

•9 

784-85 

■8 

718-81 

-2 

741-07 

•1 

704-53 




Inches, 

‘01 

•02 


m 


■g 


m 

•00 

Millimetres, 

-25 

•51 

m 

m 

nu 

m 

1-78 

2-03 

2-29 


II. Millimetres into Inches. 


Mm. 

Indies. 

Mm. 

Inches. 

Mm. 

Inches. 

Mm. 

Inches, 

Mm. 

Inches. 

700 

27-60 

718 

28-27 

736 

28-94 

762 

29-01 

709 

80-28 

701 

•00 

710 

■31 

730 

•98 

768 

-06 

770 

■32 

702 

■04 

720 

•85 

737 

29-02 

754 

•69 

771 

■80 

708 

•68 

721 

■39 

788 

■00 

755 

78 

772 

■89 

704 

•72 

722 

■43 

739 

•10 

750 

70 

773 

•48 

706 

•70 

723 

•47 

740 

■18 

757 

■80 

774 

•47 

700 

■80 

724 

•50 

741 

•17 

768 

•84 

775 

•61 

707 

•84 

725 

■54 

742 

■21 

769 

■88 

770 

■65 

708 

•88 

720 

•58 

743 

■26 

700 

•92 

777 

•59 

709 

*91 

727 

•02 

744 

■29 

701 

•96 

778 

•08 

710 

•06 

728 

•60 

745 

■38 

762 

80-00 

779 

•07 

711 

•99 

729 

•70 

740 

■37 

708 

•04 

780 

•71 

712 

28-03 

730 

•74 

747 

•41 

704 

•08 

781 

•75 

718 

■07 

781 

■78 

748 

-46 

705 

■12 

782 

•79 

714 

•11 

782 

•82 

749 

•49 

760 

•10 

788 

■88 

715 

•15 

733 

•80 

760 

•58 

707 

•20 

784 

•87 

716 

•19 

784 

•90 

751 

•57 

708 

■24 

786 

•91 

717 

■23 
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Table foe Oorbbotion of Volumes of Gases foe TsMPHBATrraa, 
GIYINQ the Diyisoe foe the Foemttla 




vi _ V x B 

* _ 

•008686 




700 x(l +W) " 


t 

760 x 
<!+*)• 

X 

hJ 

t 

790 x 
(i+a> 

Log. [760x 
(I+SOl- 

°0. 

o-o 

700-0000 

2*8808180 

“0. 

4-0 

771-1410 

2-8871841 

•1 

700-2785 

9727 

•1 

771-4201 

2009 

*2 

700-5671 

2*8811818 

■2 

771-0087 

4477 

■3 

700-8860 

2908 

•8 

771-9772 

6046 

■4 

701*1142 

4498 

•4 

772-2668 

7012 

0-6 

701-8927 

0087 

4-6 

772-6848 

0178 

■0 

701-0712 

7075 

•6 

772-8128 

2-8880748 

*7 

701-9498 

9268 

■7 

778-0914 

2808 

■8 

702-2288 

2*8820860 

•8 

778-8699 

8872 

•9 

702-6009 

2487 

*9 

778-6486 

6486 

1*0 

702-7864 

2*8824024 

6-0 

778-9270 

2-8887000 

*1 

708-0089 

6010 

■1 

774*2056 

8663 

•2 

708-8425 

7195 

■2 

774-4841 

2*8890126 

■3 

708-0210 

8779 

•8 

774-7020 

1687 

*4 

708-8990 

2*8880868 

•4 

775*0412 

8248 

1*5 

704-1781 

1946 

6-5 

776*8197 

4808 

■0 

704-4500 

8628 

•0 

775-5982 

0808 

*7 

704-7862 

5111 

•7 

775-8768 

7927 

*8 

706-0187 

0092. 

'8 

776-1568 

9480 

*9 

706-2928 

8278 

•9 

776-4889 

2*8901044 

2*0 

705-6708 

2*8889864 

0-0 

770-7124 

2*8902602 

*1 

706-8493 

2*8841434 

*1 

776-9909 

4169 

*2 

700-1279 

8018 

•2 

777-2696 

5710 

*3 

706-4004 

4691 

*8 

777-6480 

7272 

•4 

700-0860 

0169 

•4 

777-8260 

8828 

2*5 

700-9836 

7747 

0-5 

778-1061 

2*8910888 

■0 

707-2420 

2*8646824 

■6 

778-8886 

1988 

*7 

707-6200 

2-8850901 

*7 

778-0022 

8492 

*8 

707*7991 

2477 

■8 

778 -9407 

6046 

*9 

708*0777 

4062 

*9 

779-2198 

0597 

8*0 

708*3662 

2-8856620 

7-0 

779-4978 

2*8918149 

*1 

788-0347 

7199 

■1 

779-7708 

9701 

■2 

708-9183 

8772 

■2 

780*0649 

2-8921262 

■8 

709-1918 

2-8860845 

■8 

780-8884 

2802 

*4 

709-4704 

1918 

•4 

780-0120 

4852 

8*5 

709*7489 

8490 

7-5 

780*8905 

6001 

•8 

770*0274 

6062 

•6 

781*1600 

7450 

*7 

770*8000 

6688 

-7 

781-4470 

8998 

•8 

770*5846 

8208 

■8 

781-7201 

2-8980640 

e 

770*8081 

9772 

*9 

782-0047 

2098 
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CORRBOTION Off GASEOUS VOLUMES. 


Table fob Co erection of Volumes oe Gases— continued. 


t 

7G0X 

(!+«)■ 

Log. [760 X 

(f+fiOl. 

•c. 

8-0 

782-2832 

2-8933640 

•1 

782-5017 

5186 

•2 

782-8403 

6732 

■8 

783-1188 

8277 

■4 

783-3974 

9821 

8-5 

783-6959 

2-8941805 

•6 

783-9544 

2908 

■7 

784-2330 

4451 

•8 

784-6116 

6993 

•9 

784-7901 

7535 

9-0 

785 0080 

2-8949076 

•1 

785-8471 

2-8960617 

*2 

785-6257 

2167 

•8 

785-9042 

8697 

•4 

780-1828 

5230 

9-5 

780-4013 

0774 

■B 

786-7398 

8811 

■7 

787-01S4 

9348 

■8 

787-2969 

2-8901386 

•9 

787-5756 

2921 

io-o 

787-8540 

2-8904457 

■1 

788-1325 

5993 

*2 

788-4111 

7528 

■3 

788-0896 

9002 

•4 

788-9082 

2-8970595 

10-6 

789-2407 

2128 

■0 

789-5262 

8060 

•7 

780-8038 

6192 

•8 

700-0828 

6728 

•9 

790-3609 

8254 

11-0 

790-6394 

2-8979784 

•1 

790-9179 

2-8981314 

■2 

791-1905 

2848 

•8 

791-4760 

4872 

•4 

791-7636 

2-8986900 

11-5 

792-0321 

7428 

•0 

792-3106 

8955 

•7 

792-5892 

2-8090482 

•8 

792 "8677 

2008 

•9 

793-1403 

3538 

120 

793-4248 

2-8996068 

•1 

793-7033 

6582 

•2 

793-9819 

8100 

•8 

794-2004 

9629 

•4 

794-6390 

2-9001162 


760 x Log. [760 X 

(l+*f). (!+«<)]. 


0 C. 


12-5 

794-8175 

2-0002074 

•6 

795-0960 

4106 

•7 

795-3740 

6717 

■8 

795-0631 

7288 

•9 

795-9817 

8768 

18-0 

790-2102 

2-9010277 

•1 

790-4887 

1796 

•2 

790-7078 

8815 

•3 

797-0468 

4888 

■4 

797-3244 

6350 

18-6 

797-6029 

7867 

■6 

797-8814 

9884 

-7 

798-1000 

2-0020900 

•8 

798-4886 

2416 

-9 

798-7171 

8980 

14-0 

798-9956 

2-9026444 

•1 

799-2741 

0957 

•2 

709-6627 

8470 

•8 

799-8812 

9988 

•4 

800-1098 

2-9031495 

14-6 

800-8888 

2-9088007 

■0 

800-6068 

4518 

■7 

800-9454 

6029 

•8 

801-2239 

7589 

•9 

801 -6026 

9049 

15 0 

801-7810 

2-9040668 

•1 

802-0696 

2006 

•2 

802-3881 

8674 

•3 

802-6100 

5081 

•4 

802-8952 

0588 

15-5 

808-1787 

8096 

■6 

803-4522 

9001 

'7 

8037308 

2-9051100 

•8 

804-0098 

2011 

•9 

804-2879 

4115 

10-0 

804-6664 

2-9055019 

■1 

804-8449 

7122 

■2 

805-1285 

8625 

-3 

805-4020 

2-9000127 

■4 

805-0800 

1628 

16-5 

805-9591 

2-9068129 

■0 

800-2870 

4680 

•7 

806-6102 

0180 

•8 

800-7947 

7030 

■9 

807-0738 

9129 
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Table fob Cobbjsotion of Volumes of Gases— continued. 


1 

780 x 
(l+«0. 

Log, [700 x 
(l+«0 J- 

i 

l 

700 X 
(1+30- 

Log. [700 x 

a+«)i 

°c. 



0 0. 



17-0 

807-8618 

2-9070628 

21-5 

819-8801 

2-9187586 

•1 

807-8808 

2126 

■0 

820-1648 

9010 

•2 

807-9089 

8624 

•7 

820-4482 

2-9140486 

■8 

808-1874 

6121 

•8 

8207217 

1960 

•4 

808-4660 

0018 

■9 

821-0008 

8484 

17-6 

808-7446 

8114 

22-0 

821-2788 

2-9144907 

•6 

809-0230 

2-9079609 

■1 

821-6678 

0880 

■7 

809-8016 

2-9081104 

■2 

821 -8869 

7862 

■8 

809-6801 

2598 

■8 

822-1144 

9828 

•9 

809-8687 

4092 

•4 

822-3930 

2-9160794 

18-0 

810-1872 

2-9086586 

22-5 

822-0716 

2206 

•1 

810-4176 

7079 

■0 

822-9500 

8786 

■2 

810-6948 

8671 

7 

828-2288 

5206 

■8 

810-9728 

2-9090068 

■8 

828-6071 

0074 

■4 

811-2614 

1564 

•9 

823 7 867 

8148 

18-5 

811-6299 

8045 

28-0 

824-0042 

2-9169011 

■8 

811-8084 

4686 

■1 

824-3427 

2-9101079 

■7 

812-0870 

6026 

■2 

824-6213 

2646 

■8 

812-3666 

7615 

•8 

824-8998 

4018 

•9 

812-6441 

9004 

■4 

826-1784 

6479 

19-0 

812-9226 

2-9100492 

28-6 

826-4569 

0946 

■1 

818-2011 

1980 

•0 

826 7854 

8410 

•2 

818-4797 

8467 

•7 

820 0140 

9876 

■8 

818-7682 

4964 

■8 

826 2925 

2-9171889 

•4 

814-0868 

6440 

■9 

826-6711 

2802 

19-5 

814-8168 

7928 

24-0 

826-8490 

2-9174206 

■0 

814-6988 

9411 

■1 

827-1281 

6728 

■7 

814-8724 

2-9110890 

■2 

827-4007 

7190 

■8 

816-1600 

2880 

■8 

827'6862 

8062 

■9 

816-4926 

8864 

■4 

827-9038 

2-9180114 

20-0 

816-7080 

2-9116347 

24-6 

828-2428 

1676 

•1 

816 9865 

6830 

•0 

828-6208 

8086 

■2 

816-2661 

8312 

■7 

8287994 

4495 

■8 

810-5486 

9794 

•8 

829-0779 

6954 

•4 

810-8222 

2-9121276 

■9 

829-8566 

7412 

20-6 

817-1007 

2750 

26-0 

829-6860 

2-9188870 

■6 

817-8792 

4236 

■1 

829-9185 

2-9190828 

■7 

817-6678 

2-9126716 

■2 

830-1921 

1786 

•8 

817-9363 

7196 

•3 

830-4700 

3242 

•9 

818-2149 

8674 

•4 

830-7492 

4699 

21'0 

818-4984 

2-9180152 

26-5 

881-0277 

2*9190155 

•1 

818-7719 

1680 

•0 

881-8002 

7010 

•2 

819-0606 

8107 

•7 

881-5848 

9065 

•3 

819-8290 

4588 

■8 

881-8088 

2-9200620 

•4 . 

819-6070 

6059 

■9 

881-1419 

1974 
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TENSION OP MHB0UBY-VAPOTJB. 


Tabib fob Ooebhotion of Volumes of Qasbu— anUmuecL 


1 

7flnx 

a+u)- 

Log. [760 x 
U-HQ1 

“C. 

26 0 

882*4204 

2*0203427 

1 

832*0989 

4880 

•2 

882-9775 

6838 

■8 

883*2560 

7786 

‘4 

888*5840 

9287 

26 6 

888*8181 

2*9210688 

■6 

884*0016 

2189 

7 

884-8702 

3589 

■8 

884-0487 

6038 

‘9 

884*9278 

0487 

27'0 

886*2058 

2*0217086 

■1 

835*4848 

9884 

■2 

886*7029 

2*0220882 

•8 

886 0414 

2270 

•4 

880 8200 

8725 

27-B 

830-6085 

5171 

*6 

886-8770 

0017 

■7 

887*1550 

8082 

•8 

837*4841 

0507 

■9 

887*7127 

2*0280951 

28*0 

887*9912 

2*9232895 


t 

700 X 

a+«o. 

Lor. [7(10 x 
(!+«<)]. 

° 0. 
28*1 

888*2097 

2*9288838 

*2 

888-5488 

6281 

*8 

888*8208 

0728 

*4 

839*1054 

8106 

28*5 

889*8889 

2-0239000 

*0 

889*6624 

2*9241047 

*7 

889*9410 

2488 

*8 

840-2105 

8928 

*9 

840*4981 

5303 

29-0 

8407700 

2*0240807 

*1 

841*0561 

8246 

*2 

841*8887 

9084 

*8 

841-0122 

2*9261122 

*4 

841*8908 

2560 

29*5 

842*1098 

8096 

*0 

842*4478 

5481 

•7 

842*7204 

0800 

*8 

848*0049 

8301 

*9 

843*2885 

9780 

80*0 

848*6620 

2*0201171 


THN8ION of Mehouey Vavoub (EamBay aud Young). 


•a 

mm. 

60 

0*016 

100 

0*27 

110 

0*46 

120 

0*72 

180 

1*14 

140 

1*78 

160 

2*68 

100 

4*01 

170 

5*90 

180 

8*64 


" 0. mm, 


190 

12*14 

200 

17*02 

210 

28*48 

220 

81*90 

280 

42*02 

240 

66*02 

260 

74*69 

260 

96 00 

270 

128*91 

280 

167*88 


* 0 mm. 


290 

198*08 

800 

240*70 

810 

804*79 

820 

878*58 

8tf0 

454*28 

840 

546*72 

860 

068*52 

860 

786*11 



DENSITY OB' WATHB. 
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Voluke and Density or Watrb at dutbbbnt TEMPEBATTrasa.* 


Temp. 


Bp. gr, of Water 
(at 0“=1). 


Vol. of Water 
(at 


Bp. 


gr. of Water 
(at f-1). 


VoL of Water 
(at 


0° 

1-000000 

1-000000 

-009871 

1 

1-000067 

0-999948 

‘009028 

2 

1-000098 

-999902 

-999969 

8 

1-000120 

-999880 

-999991 

4 

1-000129 

•999871 

1-000000 

6 

1-000119 

•900881 

0-999090 

0 

1-000099 

•999901 

■990970 

7 

1-000002 

-909088 

-990038 

8 

1-000016 

-099986 

■699880 

9 

0-999968 

1-000047 

•999824 

10 

-999370 

1-000124 

•099747 ‘ 

11 

•999784 

1 -000210 

-999666 

12 

■999078 

1-000822 

-699549 

18 

•999569 

1-000441 

-999480 

14 

‘069429 

1-000572 

-999290 

16 

•999289 

1-000712 

■999100 

10 

■999131 

1-000870 

■999002 

17 

■998970 

1-001081 

■998841 

18 

•998782 

1-001219 

-998064 

19 

•998688 

1-001418 

■998400 

20 

•998888 

1-001016 

■908259 

21 

•998170 

1-001828 

•098047 

22 

•997968 

1-002049 

•997820 

28 

•997730 

1-002270 

■997001 

24 

•997496 

1-002611 

■997867 

26 

•907249 

1-002769 

•907120 

20 

-996994 

1-008014 

•990800 

27 

•900782 

1-003278 

■990008 

28 

•990400 

1-003668 

-990881 

29 

■900179 

1-008886 

•990051 

80 

•006804 

1-004128 

■006765 

86 

0-99481 

1-00572 

0-09418 

40 

0*90248 

1-00757 

0-00285 

46 

0-00060 

1-00968 

0-99087 

60 

0-08882 

1-01182 

0-08819 

66 

0-98694 

1-01420 

0-98581 

00 

0-98350 

1-01078 

0-98888 

06 

0-98080 

1-01961 

0-98074 

70 

0-97807 

1-02248 

0-97794 

76 

0-97611 

1-02668 

0-97408 

80 

,0-97200 

1-02874 

0-07194 

85 

0-96892 

1-08207 

0-96879 

90 

0-90608 

1-08654 

0 -68660 

96 

0-96281 

1-08018 

0-90219 

100 

0-95879 

1-04299 

0 "86800 


1-000129 
1-000072 
1-000081 
1-000009 
1-000000 
1-000010 
1-000080 
1-000067 
1-000114 
1-000176 
1-000268 
1-000846 
1-0004B1 
1-000670 
1-000701 
1 000841 
1-000999 
1-001180 
1-001848 
1-001642 
1-001744 
1-001967 
1-002177 
1-002406 
1-002641 
1-002888 
1-008144 
1-008408 
1-003082 
1-008906 
1-004268 
1-00698 
1-00778 
1-00974 
1-01201 
1-01442 
1-01097 
1-01971 
1-02260 
1-02669 
1-02890 
1-08224 
1-03674 
1-08988 
1-04816 


Thti table may be utilised to I 2^ ILoe gr^f *a ^betajioe referred 

was# w swto -r 

will be B^-SujX *90910■ Siofl - -00084). 
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jBAUMtfs HTDBOMBTSR. 


Babul's Htubombtbr;— Table for Liquids ’heavier than Water.* 


•B. 

*Tw. 

| Sp. gr. 

*B. 

| * Tw. 

1 

1*4 

1*007 

23 

88 

2 

2-8 

1*014 

24 

40 

8 

4-4 

1*022 

25 

42 

4 

5-8 

1*029 

26 

44 

5 

7-4 

1*087 

27 

40*2 

e 

9 

1*045 

28 

48*2 

7 

102 

1*052 

29 

50*4 

8 

12 

1*000 

80 

52*0 

9 

18-4 

1*007 

81 

64*8 

10 

15 

1*075 

82 

57 

11 

16*6 

1*088 

88 

59*4 

12 

18*2 

1*091 

84 

01*6 

18 

20 

1*100 

85 

64 

14 

21*6 

1*108 

86 

00*4 

15 

28*2 

1*110 

87 

09 

10 

25 

1*125 

88 

71*4 

17 

20*8 

1*134 

89 

74 

18 

28*4 

1*142 

40 

70*6 

19 

80*4 

1*152 

41 

79*4 

20 

82*4 

1*102 

42 

> 82 

21 

84*2 

1*171 

48 

84*8 

22 

80 

1*180 , 

44 

1 87*6 


Sp. gr. * B. * Tw. Sp. gr. 


1*190 

45 

90*0 

1*453 

1*200 

46 

93*0 

1*468 

1*210 

47 

96*0 

1*488 

1*220 

48 

99*0 

1*498 

1*231 

49 

108 

1*616 

1*241 

60 

100 

1*680 

1*252 

61 

109*2 

1-540 

1*263 

52 

112*6 

1*663 

1-274 

68 

110 

1-580 

1*285 

54 

110*4 

1*597 

1*297 

56 

128 

1*615 

1*308 

50 

127 

1*036 

1*320 

57 

180*4 

1*062 

1*332 

58 

134*2 

1*671 

1*845 

69 

138*2 

1*091 

1*857 

00 

142 

1*710 

1*870 

01 

140*4 

1*782 

1*888 

62 

160*0 

1*763 

1*397 

03 

166 

1*776 

1*410 

04 

160 

1*795 

1*424 

05 

104 

1*820 

1*438 

06 

108*4 

1*842 


• This lathe BammTa hydrometer mostly used on the Continent of Europe: but other 
Males are In uae there aa well, and quite another male for Banin fa hydrometer la need 
In America (Lunge A Hurter, Aitaii Maker? HandbookX 


Table for Liquids lighter than Water. 


* B. Sp-gr. • B. 


10 

1-000 

27 

11 

0-998 

28 

12 

0-980 - 

29 

18 

0-080 

80 

14 

0*078 

81 

15 

0-907 

82 

16 

0-060 

88 

17 

0-954 

84 

18 

0-948 

85 

10 

0-942 

80 

20 

0-036 

87 

21 

0-980 

88 

22 

0-924 

89 

28 

0-918 

40 

24 

0-918 

41 

25 

0-907 

42 

26 

0-901 

48 


Sp.gr. * B. Sp. gr. 


0-896 

44 

0-811 

0-890 

45 

0-807 

0-885 

40 

0-802 

0-880 

47 

0*708 

0-874 

■ 48 

0-794 

0-869 

49 

0789 

0-864 

50 

0-786 

0-869 

51 

0-781 

0-864 

52 

0-777 

0-849 

58 

0778 

0-844 

54 

0708 

0-889 

65 

0704 

0-884 

60 

0760 

0-880 

67 

0757 

0*825 

58 

0*758 

0*820 

59 

0749 

0 810 

00 

0745 


convert degreea TwaddeH tnto *0601110 gravity (water™ 
lOOo): multiply the nnmtx r by C, and add 1000 to the product gravity (water- 

re^tadl^hy fi leCUL0 ff ™ Vlt7 (irater “ 1000 > t0 Twaddcn: deduct 1000, and divide th« 





SPECIFIC) GRAVITY OP HYDROCHLORIC ACID. 
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Table showing the Strength of Hydro ohlorio A cud 
of Different Densitibh. (Lunge and Marchlewski. *) 


8p. gr. 

aoi 

Grams 

8p. gr. 

HOI 

Grams 

Sp. gr. 

HOI 

Grams 

ai 

per 

HC1 par 

at 

per 

HOI per 

at 

per 

HClper 

16* 0./4*. 

cent. 

litre. 

16* a/4*. 

oent. 

litre. 

is* a/4*. 

cent 

litre. 

1-006 

1-16 

12 

1-076 

15-10 

103 

1140 

27 -60 

816 

1-010 

2-14 

22 

1-080 

10-16 

174 

1-146 

28-61 

828 

1-015 

812 

82 

1-086 

17-13 

180 

1-160 

29-67 

840 

1-020 

4-18 

42 

1-090 

18-11 

107 

1-166 

80-66 

858 

1-026 

6-lfr 

63 

1*096 

19-00 

200 

1-180 

81-62 

800 

1-030 

0-16 

64 

1-100 

20-01 

220 

1-106 

82-49 

879 

1-036 

7-16 

74 

1-106 

20-97 

282 

1-170 

83-46 

892 

1-040 

8-16 

85 

1-110 

21-92 

248 

1-176 

84-42 

404 

1-046 

9-10 

90 

1-116 

22-80 

266 

1-180 

85-80 

418 

1-060 

10-17 

107 

1-120 

23-82 

287 

1-186 

30-81 

480 

1-066 

11-18 

118 

1-125 

24-78 

278 

1-190 

87-28 

448 

1-000 

12*19 

129 

1-180 

26-76 

291 

1-196 

88-10 

460 

1-006 

13-19 

141 

1-185 

20-70 

808 

1-200 

89-11 

409 

1-070 14-17 

162 








* Alkali Makun' Handbook (Lunge and Hurter), p.: 

ISO. 


Table 

i showing the Strengths of Nitric Acid of 


Different Densities. 

(Lunge and Rey.’ 

*) 


0p- p--, 


HNOs 

Bp. gr. 


HNO» 

Bp. gr. 


UNO* 

at 1674' 

per oent. 

at 1674 

per cent 

at 16 s /4' 

\ per oent. 

1-020 


8-70 

1-220 


86-28 

1-420 


00-80 

1-080 


6-60 

1-280 


86-78 

1-430 


72-17 

1-040 


7-20 

1-240 


38'29 

1-440 


74 68 

1-050 


8‘99 

1-250 


89-82 

1-460 


77-28 

1-000 


10-68 

1-200 


41-84 

1-480 


79-98 

1-070 


12-88 

1-270 


42-87 

1-470 


82-90 

1-080 


13-95 

1-280 


44-41 

1-480 


80-06 

1-090 


16-63 

1-290 


46-05 

1-490 


89-00 

1*100 


17-11 

1-800 


47-40 

1-600 


94-09 

1*110 


18-07 

1-810 


49-07 

1-602 


96 08 

1-120 


20-28 

1-820 


60-71 

1-604 


90-00 

1-180 


21-77 

1-380 


52-87 

1-600 


90-70 

1*140 


28 81 

1-340 


54-07 

1-608 


97-60 

1-150 


24'84 

1-860 


66-79 

1-610 


98-10 

1-100 


20-80 

1-300 


67-67 

1-612 


98-58 

1-170 


27-88 

1-370 


69-89 

1-614 


08-00 

1-180 


29-88 

1-880 


01-27 

1-616 


99-21 

1-190 


80-88 

1-890 


03-23 

1-618 


99-40 

1-200 


82-80 

1-400 


66-80 

1-620 


99-07 

1-210 


88-82 

1-410 


07-60 





Not6. —To get NaOp subtraot one-aeventh from the percentage of nitric add 
Thun, 1-460ap. Er.=77'28-ll'04 - 06'^ NoOs, 

* From Lunge’s Sulphurio Arid and Alkali, VoL I., third edition, 1908, pp. SG¬ 
ML. The figures refer to ohemioally purs nitric add ; commercial acid, containing 
nitrous acid, etc., contains less real HN0» at the same density. 

*,* Veley and Manlev have recently published (see Jour. Soe. Chem. Ind., 1908 
pp. 1227-1229) a table of densities of nltrlo add from 1'88S to 1-621, the result* of 
which' agree oloeely with those tabulated above. 
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SPBCIPIO GRAVITY OP erULPHTJRIO AOTD. 


OoBRBOTIOire POE 1® 0. (ADD WHEN ABOVE IB®, BT7BTBA0T 
'WHEN BELOW 15* C.). 


Sp. gr. 

Correction- 

Bp. gr. 

Correction. 

1-020-1-040 

0-0002 

1-281-1-810 


1-041-1 070 

0-0008 

1-311-1-860 

o-ooii 

1-071-1-100 

0-0004 

1-861-1-885 

0-0012 

1-101-1-180 

0-0006 

1-886-1-400 

0-0018 

1-181-1-160 

0-0006 

1-401-1-485 

0-0014 

1-161-1-200 

0-0007 

1-486-1-490 

0-0016 

1-201-1-246 

0-0008 

1-491-1 -600 

0 0016 

1-246-1-280 

0-0009 

T -601-1-520 

0-0017 


Table Showing tee Strength op Sulphuric Aoid op 
Dipiehbnt Densities. (Lunge, Ialer and Naef.*) 


Bp. gr. at 

1674* a 

SOj per 
cent. 

H 4 SO 4 
per cent. 

Grama 

per litre. 

Sp. gr. at 
1»74* O. 

BOg per 
cent. 

HaS 0 4 
par cent. 

Grtiron 
Ha80 4 
per litre. 

1-010 

1-28 

1-67 

16 

1-840 

36-71 

48*74 

586 

1-020 

2-47 

8-08 

81 

1-850 

86-68 

44-82 

606 

1-080 

8-87 

4-49 

46 

1-860 

87-46 

46-88 

624 

1-040 

4-87 

5 98 

62 

1-870 

88-82 

46-94 

043 

1-050 

6 02 

7-87 

77 

1-880 

89-18 

4a-oo 

002 

1-080 

7-16 

8-77 

98 

1-890 

40-06 

49-06 

082 

1-070 

8 82 

10-19 

100 

1-400 

40-91 

60T1 

702 

1-080 

9-47 

11-60 

126 

1-410 

41-76 

61-16 

721 

1-090 

10-60 

12-99 

142 

1-420 

42-57 

62-16 

740 

1-100 

11-71 

14 86 

158 

1-430 

43-30 

5811 

760 

1-110 

1282 

16-71 

176 

1-440 

44-14 

64-07 

779 

1-120 

13-80 

17-01 

191 

1-450 

44-02 

66-08 

798 

1-180 

14-06 

18-81 

207 

1-460 

45-09 

56-97 

817 

' 1-140 

16-01 

19-61 

223 

1-470 

46-45 

66-90 

887 

1-160 

17-07 

20-91 

289 

1-480 

47-21 

67-83 

860 

1-160 

18-11 

22-10 

257 

1-490 

47-95 

6874 

870 

1-170 

19-16 

23-47 

276 

1-600 

48 78 

60 70 

896 

1-180 

20-21 

24-78 

292 

1-610 

49-61 

60-06 

910 

1-190 

21-26 

26-04 

810 

1-620 

50-28 

01-69 

980 

1-200 

22-80 

27-82 

828 

1-680 

61-04 

02-68 

967 

1-210 

28-33 

28-58 

846 

1-540 

61-78 

08-48 

977 

1-220 

24-36 

29-84 

864 

1-660 

62-46 

64-20 

996 

1-280 

25-89 

31-11 

882 

1-660 

63-12 

66-08 

1015 

1-240 

26-36 

82-28 

400 

1-670 

58-80 

05-90 

1036 

1-250 

27-29 

33-48 

418 

1-680 

54-46 

68-71 

1064 

1-280 

28-22 

34-67 

436 

1-590 

56-18 

67-69 

1075 

1-270 

29-15 

35-71 

464 

1-600 

55-93 

08-51 

1096 

1-280 

8010 

86-87 

472 

1-610 

60-68 

69-48 

1118 

1-290 

81-04 

88-03 

490 

1-620 

67-40 

70-32 

1189 

1-800 

81-99 

89-19 

610 

1-630 

58-09 

71-10 

1100 

1-810 

82-94 

40-85 

529 

1-840 

68-77 

71-00 

1180 

1-820 

83-88 

41-50 

548 

1-660 

69-46 

72-82 

1202 

1-880 

84-80 

42-86 

667 

1-660 

00-11 

78-64 

1222 


* Lunge’B Sidphurie Aoid and Alkali, VoL I., third edition, 1903, pp. 180-186, 









BPBCTFICJ GBAVTTIBS Off AQTJBOTTS AMMONIA. 
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TABLE SHOWING THE STRENGTH OF SULPHURIC AOTD Off DlffffHRHNT 
Densities— continued. 


Bp. gr. at 

1 fi*/4* 0. 

SO* per 
cent. 

H9SO4 
per oeut. 

Grams 
HaSO* 
per litre. 

Bp. gr. at 
16-/4* O. 

BOj per 
oent. 

H9SO4 
per cent. 

Grama 
H98O4 
perlitre. 

1-670 

60-82 

74-61 

1244 

1-790 

69-96 

85-70 

1584 

1*680 

61-67 

76'42 

1207 

1-795 

70-45 

86-80 

1540 

1-600 

6-2‘29 

78-80 

1289 

1-800 

70-94 

80-90 

1604 

1-700 

68-00 

77-17 

1812 

1-805 

71-60 

87-60 

1581 

1-710 

08-70 

78-04 

1884 

1-810 

72-08 

88 -80 

1598 

1-720 

04-48 

78-92 

1857 

1-815 

72-09 

89-06 

1621 

1-780 

0614 

79 80 

1381 

1-820 

78-51 

90-06 

1689 

1-740 

66-80 

80-68 

1404 

1-825 

74-29 

01-00 

1001 

1-760 

60-68 

81-50 

1427 

1-880 

76-19 

02-10 

1686 

1-760 

07-80 

82-44 

1461 

1-885 

76‘27 

03-48 

1718 

1-765 

07-65 

82-88 

1408 

1-840 

78-04 

95-00 

1769 

1-770 

08-02 

88-82 

1476 

1-840 

80-98 

90-20 

1826 

1-776 

68-49 

88 90 

1489 

1-841 

79-19 

07-00 

1780 

1-780 

08-98 

84-60 

1604 

1-841 

80-16 

98-20 

1808 

1-785 

09-47 

85-10 

1619 

1-8885 

81-59 

90-96 

1838 


Note. —The maximum density does not coincide with the graateet strength, that 
Lb. pure monohydrated sulphuric sold, HgBOi. The maximum density l^at about 
08'6 per cent, and from till* point the densities decline to 100 per oent. H 98 O 4 . 


OOBREOTION ffOR 1° 0. (ADD WHEN ABOVE 16°, SUBTEAOT 
WHEN BELOW 15“ 0.). 


Bp.gr. 

1170 (or leaa) 
1-170-1-460 
1-460-1 -680 
1-680-1-750 
1-760-1-840 


Correction. 

0-0006 

0-0007 

0-0008 

0-0009 

o-ooio 


SpBCHffio Gravities oir Aqueous Ammonia. 
(Lnnge and "Wieraik.) 


Spec Ho 
gravity at 
16*0. 

NH| per 
oent. 

llltreatlB’O. 

contain a 
grama NHj. 

Bpeoiflo 
gravity at 
IB* 0. 

NHg per 
cent. 

1 litre atlB*0. 

contains 
grama NHj. 


84*96 



24-99 


■884 

84-10 

801 4 

•912 

24-38 

221-9 

•886 

88'25 

294-8 

■B14 

23-08 

210-8 

■888 

32-60 

288-0 

■918 

28-08 


■890 

8176 

" 282-0 

•918 

22-89 

205-0 

■892 

81-05 

277-0 

-920 

21*76 

200-1 

-894 

30-87 

271-5 

■922 

21-12 

194-7 

•890 

29-69 

266-0 

■924 

20-49 

186-8 

■898 

29-01 

200-5 

■926 

10-87 

184-2 

•900 

28-38 

265 0 

-928 

19-26 

178-0 

■002 

27-66 

249-4 

•930 

18-04 

178-4 

-904 

20-98 

248-9 

•932 

18-08 

108-1 

■900 

20-81 

288-8 

■934 

17-42 

162-7 

•908 

86-05 

282-9 

■936 

16-82 

167-4 
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Spboifio Gravities op AQUEOUS Ammonia— continued. 


Specific 
gravity at 

KH 3 per 
cent. 

1 litre at lfi'O. 

contains - 
grama NHj. 

Bpeclflo 
gravity at 
16*0. 

NHgper 

oemt. 

llltreatlS'O. 

contains 
grams NHs- 

0-038 

10-22 

162-1 

0-w70 

7-81 

70-9 

■940 

15-03 

140-0 

■972 

0-80 

00-1 

*942 

16-04 

141-7 

■974 

0-80 

01*4 

■944 

14-40 

130-5 

■970 

5-80 

60-0 

■040 

13-88 

131-8 

•978 

6-30 

61-8 

•048 

18-31 

120-2 

•080 

4-80 

47-0 

*060 

12-74 

121-0 

■082 

. 4-80 

422 

■962 

12-17 

115-9 

•084 

8-80 

87-4 

•954 


110-7 

•980 

8-80 

82-6 

■966 

11-03 

105-4 

-988 

2-80 

277 

■058 


100-8 


281 

22-9 

■000 

9-01 

95-1 

-092 

1 84 

18-2 

■062 

9-36 

80-9 

■004 

1-87 

18-0 

*964 

8-84 

85-2 

•906 


9-1 

■000 

883 

80-6 

‘998 

0-45 

4-6 

•908 

7-82 

75-7 



o-o 


Specific Geayities op Solutions op Sodium and Potassium 
HyDHOUDSS AT 15 °j±° 0. 


Sp. gr. 

% NaOH. 

X KOH. 

Bp. gr. 

% NhOH. 

X KOH. 

1-010 

0-80 

1-18 

1-280 

26-04 

29-00 

1-020 

1-69 

2-28 

1-200 

25-96 

20’96 

1-080 

2-00 

8-86 

1-800 1 

20-86 

80-91 

1-040 

8-50 

4-44 

1-310 

27-86 

8184 

1-050 

4-84 

5-68 

1-820 

28-88 

8278 

1-000 

5-20 

0-60 

1-380 

29-80 

88-70 

1-070 

0-18 

7-08 

1-840 

8074 

84-63 

1-080 

7-06 

8-70 

1-350 

8175 

86-65 

1-090 

7-95 

9-82 

1-300 

82-79 

80-40 

1-100 

878 

10-87 

1-870 

3873 

87-87 

1-110 

0-67 

11-92 

1-880 

8471 

88-28 

1-120 

10-60 

12-00 

1-890 

85-08 

89-18 

1-180 

11-55 

14-01 

1-400 

80-07 

40-00 

1-140 

12-49 

15-04 

1-410 

87-05 

40-98 

1-150 

18-84 

10-08 

1-420 

88-07 

41-87 

1-100 

14-19 

17-10 

1-480 

39-07 

42 70 

1-170 

16-00 

18*18 

1-440 

40-68 

48-08 

1-180 

16-00 

19-15 

1-450 

4170 

44-50 

1-190 

16-91 

20-17 

1-400 

4275 

45-87 

1-200 

17-81 

21-17 

1-470 

48-80 

40-23 

1-210 

1871 

22-10 

1-480 

44‘85 

47 09 

1-220 

19-65 

28-17 

1-490 

46-89 

47-98 

1-230 

20-00 

24-14 

1-500 

40-94 

48 78 

1-240 

21-47 

25-13 

1-510 

48*00 

49-04 

1-250 

22-88 

20-10 

1-520 

49-06 

50-48 

1-200 

1-270 

23- 28 

24- 18 

27- 07 

28- 04 

1-580 

60-10 

51-82 


The above table la abbreviated from the VBry full tables given In Lunge's Technical 
Chum&sUf Handbook (1008). 



























Si.TUKA.TBD SOLUTIONS OF SALTS. 


77 


Stbbngth of Satukated Solutions of a Fbw 
Common Salts.* 


At60*F. 


Sp. gr. of 
saturated 
eolation. 


O.a of 
•water 
dissolve 
1 gram. 


Grams In 
1 litre of 
saturated 
solution. 


Acid, ohromio 

. 


1-710 

0-69 

1076-6 

,, oitric . 



1-3026 

0-61 

8017 

,, tartaric 



1-81 

0-71 

760-1 

Alum, ammonia . 



1-0469 

9'96 

96-6 

,, potash 



1-046 

9-70 

977 

Ammonium carbonate . 



1-094 

8-94 

221-6 

„ chloride 



1-077 

2-8 

47-2-4 

Borax .... 



1-0206 

287 

41-8 

Calcium chloride (anhyd.) 



1-4096 

1-41 

684-0 

ii !■ (OnCL,2ELO) 


1-4096 

0-82 

774-2 

Copper sulphate . 



1-198 

279 

814-8 

Lead acetate . 



1-2664 

2-37 

872-6 

bla^ueaium sulphate 



1-2766 

0-98 

048-9 

Mercuric chloride . 



1-0472 

17-9 

664 

Potassium acetate . 



1-406 

0-28 

1099-2 

,, bicarbonate . 



1-1688 

8-21 

2777 

,, dichromate . 



1000 

9 0S 

97-6 

,, bromide 



1-8616 

1-69 

626’7 

,, ohlorate- 



1-038 

10-63 

69-2 

,, hydrate 



1-663 

0-647 

942-0 

,, iodide . 



1-7089 

0-701 

906-4 

„ nitrate . 



1-1462 

877 

240-1 

,, permanganate 



1 0368 

187 

62-7 




1-0784 

9-06 

101-8 

Sodium bicarbonate 



.1-0008 

11-08 

87-8 

,, carbonate . 



1-1008 

1-60 

480’4 

,, chloride . 



1-204 

2-8 

816-8 

,, phosphate . 



1-0489 

0-91 

182-6 

,, sulphate . 



1-1114 

2-08 

8027 

Zino aulpbate 



1-452 

0-05 

880-0 


Note.—In all the above determination* the subit&nues are calculated aa of 
official (<.*.. B.P.), not absolute, purity. 

* H. Q-. Greenish In the Pharm , Journal, Deo. 26,1603. 
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GLYGBRENH. 


Gltoheinb Tabih. 


( Per 
oent 
Glyoer- 
lne. 

15* C?' IS* P. 
IB* ““SP - 

20* Cl?' ?6* P. 

20* m ~W 

Per 

cant. 

Glyoer- 

'ine. 

16*. 

Per 

oent 

Glycer¬ 

ine. 

16*. 

100 

1*26690 

1-26848 

74 

1-10688 

40 

1*10268 

09 

1 *20886 

1-20086 

78 

1-19809 

86 

1*08008 

98 

1*20072 

1-26822 

72 

1-19035 

80 

1*07604 

07 

1-26809 

1-26660 

71 

1-18701 

25 

1-00280 

00 

1*26647 

1-26297 

70 

1-18487 

20 

1-04980 

06 

1-26286 

1-26084 

69 

1-18212 

16 

1-03662 

94 

1-26021 

1-24771 

08 

1T7087 

10 

1-02409 

08 

1*24766 

1-24608 

07 

1-17002 

5 

1-01189 

92 

1-24487 

1-24240 

00 

117887 



91 

1*24217 

1-28988 

06 

1-17118 



00 

1*28946 

1-28720 

64 

1-10837 



89 

1-28078 

1*28449 

08 

1-10601 


BClDT. 

88 

1-28400 

1*28178 

62 

1-10280 



87 

1-28128 

1*22907 

01 

1-10011 


so* 

80 

1-22866 

1*22680 

60 

1-16737 



86 

1-22688 

1-22866 

69 

1-16462 



84 

1*22810 

1-22094 

68 

1*16187 



88 

1*22088 

1*21828 

67 

1-14912 

70 

1*18208 

82 

1-21706 

1-21662 

66 

1*14087 

00 

1-15601 

81 

1*21498 

1-21281 

66 

1-14802 

50 

1-12881 

80 

1*21221 

1-21010 

64 

1-14088 

40 

1-10118 . 

79 

1-20949 

1*20787 

63 

1T8814 

80 

1*07489 

78 

1*20077 

1-20404 

62 

1-18689 

20 

1*04884 

77 

1*20404 

1-20100 

61 

1-18205 

10 

1*02801 

76 

1'20181 

1-10917 

60 

1-12000 



76 

1-10867 

1-19044 

45 

1-11018 




The above table is a combination of W. W. J. Niool’B excellent tables 
for the two temperatures above specified, as given in the Untied States 
Dispensatory, p. 668, and in Watts’s Dietionary of Chemistry (moat 
recent edition in each case). In the former work a complete table from 
1 - 1007 - glycerine, at 16° 0. is given. 

The following formula is useful:— 

sp. gr. of dilute glycerine—1-000 «, v , , , . , 

--^02005 -/• b 7 wei e llt of g^cenne. 

The divisor *00201 is more accurate, however, for mixtures containing 
between 80 and 607 o glycerine, and *0026 for those below 80°/.. 
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,Thh Preparation op Reagents fob Water Analysis. 

Nessler'a Solution. —First, dissolve 160 grams of stick potash in 
160 o.o. of water, and set aside to cool. Next, dissolve 62*5 grams 
of potassium iodide in about 260 c.c, of water in a 1200 o.o. beaker, 
transfer about 10 o.o. to a small beaker, and add gradually to the 
main bulk, with constant stirring, a cold saturated solution of 
mercuric chloride (of which about 600 c.c. will be required) until a 
permanent precipitate is obtained. Now add the potassium iodide 
solution in the small beaker, which should redissolve the precipi¬ 
tate, and continue adding cautiously mercuric chloride until a 
slight precipitate remains undissolved on stirring. Add the cold 
potash solution, transfer the whole to a litre flask, make up to the 
mark with water, and pour into a stoppered bottle. After standing 
about 12 hours the solution will have become clear, and should 
then be tested as follows: To 60 c,o. of amm onia-free water add 
0-2 c.c. of standard ammonium chloride solution ( = 0-00001 gram 
NH 3 ), mix, and then add 2 c.c, of Nessler’s solution, when a yellow 
tinge should appear at once if the latter solution be properly made. 
If the Nessler'a solution is not sensitive—which will be the case if 
it is perfectly colourless, instead of the proper greenish-yellow 
tint—a little more mercuric chloride solution should be added, the 
whole well mixed, allowed to settle, and tested again. 

Some Nessler'a solutions give a red precipitate when added to water. 
The art of making a thoroughly satisfactory Nesaler’s solution can 
only be acquired by practice. 

Alkaline permanganate solution .—Dissolve 200 grams of stick 
potash in water in a large porcelain dish and add a solution of 
8 grams of potassium permanganate in water, using 1100 c.c. 
altogether. Boil rapidly until concentrated to about 900 c.c., add 
about 200 0.0. of hot distilled water, and continue boiling till the 
volume is reduced to a litre. When cool, pour at once into a 
bottle. Every fresh lot of solution made should be carefully tested 
before being used. 

Standard solution of ammonium cJUoride .—Dissolve 1*5704 grams 
of pure dry ammonium chloride in a litre of ammonia-free water • 
of this take 100 c.c. and make up to a litre with water. Of this 
latter solution 

1 a c. = 0*00006 gram ammonia. 

1-21 c.c. = 000005 gram nitrogen. 

When 500 c.c. of water are distilled, 

1 c.c. = 0*01 part NH S per 100,000. 

1*21 c.c. = 0*01 part N „ 

The solution should be measured in a standard 1 c.c. pipette 
divided into hundredths. 

Or, by dissolving 1*9094 gm. NH 4 01 in a litre of water, and dilut¬ 
ing 100 c.c. of the solution to 1000 c.c., then of this latter solution 
1 c.c. =0*00005 gram ammoniacal nitrogen. 
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Standard silver nitrate solution .—Dissolve 2-4 grams of recryBt. 
silver nitrate in a litre of water and standardize against a solution 
of pure sodium chloride containing 0'8243 gram per litre (1 c,c. — 
O’OOOB gram chlorine). 

1 c.c. silver nitrate solution = 0'0005 gram 01, 
or when 60 c.c. of water are titrated, 

1 c. 0 . = 1 part combined chlorine per 100,000. 


Reagents fob Determination of Oxygen Absorbed. 

(i) Dilute sulphuric acid .—Add 1 voL of pure sulphuric acid to 
3 vole of water, and drop in potassium perniAnxranate solution 
(ii) until the liquid retains a very faint pink tint after being kept 
at 80° F. for four hours. 

(ii) Standard solution of potassium permanganate .—Dissolve 0'396 
gram of recryst. potassium permanganate in 1 litre of water. 

1 c.c. = 0-0001 gram available oxygen. 

(iii) Potassium iodide solution .—Dissolve 1 part of the pure salt 
in 10 parts of water. 

(iv) Sodium thiosulphate solution .—Dissolve 1 gram of the crystals 
in 1 litre of water. 

(v) Starch indicator .—One part of clean potato starch, or arrow¬ 
root, is mixed smoothly into an emulsion with cold water, then 
poured gradually into about 160 or 200 times its weight of boiling 
water, lie boiling continued for a few minutes, then allowed to 
stand and settle thoroughly. The dear solution only is to be used 
as the indicator, of which only a few drops are necessary. 

Lintner’s soluble starch acts well as an indicator, as it gives at 
once a dear solution in boiling water. 

Thrash's starch solution (see p. 94) is also useful as an indicator. 

Reagents Required for Determination of Hardness. 

Preparation of soap solution for OlarVs test .—Weigh ont 60 
grams of commerdal oleic acid in a beaker and add 100 c.c. of 
an alcoholic potash solution made by dissolving 20 grams of stick 
potash in 180 o.o. of industrial methylated spirit, and continue 
addiug the same solution from a burette till a drop of the oleate 
just gives a red colour with phenol-phthalein spotted on a white 
tile—about 10 c,c. more being required. Measure the solution 
and make the volume to 400 c.c. by the addition of methylated 
spirit. 46 c.c. of theBtrong soap solution thus obtained are diluted 
with methylated spirit (2 vols.) and water (1 voL) to a litre, 
allowed to stand for about 24 hours, filtered through a double 
Swedish filter, and standardized against standard calcium chloride 
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solution. The solution will he found to be a little too strong, and 
is diluted to exact strength, which is attained when 14-25 c. 0 . are 
required to form a permanent lather with 60 ac. of the s tandar d 
calcium chloride solution. 

Standard calcium chloride solution .—Dissolve 0-2 gram of Iceland 
spar in dilute hydrochloric acid in a platinum dish, adding the 
acid gradually and having the dish covered with a large watch 
glass to prevent loss by spirting. When solution has taken place, 
rinse the glass into the dish, ana evaporate to dryness on a water- 
bath : add water and again evaporate to dryness, and repeat this 
addition of water and evaporation two or three times in order to 
ensure complete expulsion of hydrochloric acid. Finally, take up 
the residue with d istil led water, and make up the solution to 
1 litre. 

60 c. 0 . correspond to 0*01 gram GaGO*. 


Tabuks bbquibkd nr Wats a Analysis. 

I. Tension qf Aqueous Vapour in Millimetres of Mercuru prom 
0° to 85° O. 


•a. 

TOTTi, 

•a 

mm, 

•o. 

mm, 

•0. 

mm, 

•O. 

mm. 

o-o 

4-600 

2-6 

6-491 

6-0 

6*684 

7'6 

7751 

100 

9-165 

■1 

•638 

•8 

•630 

■1 

•680 

■6 

•804 

•l 

■227 

•2 

•687 

7 

•669 

■2 

•625 

7 

•857 

•2 

•288 

•8 

700 

•8 

•608 

■3 

•671 

■8 

■910 

•8 

•850 

•4 

•788 

•9 

•647 

■4 

717 

•9 

•984 

•4 

•412 

0-5 

767 

8-0 

6-687 

5-6 

768 

8-0 

8-017 

10-6 

■474 

■6 

•801 

•1 

727 

•6 

•810 

•1 

•072 

•6 

•537 

7 

•836 

•2 

767 

7 

•857 

•2 

•126 

7 

•601 

■8 

■871 

•8 

•807 

•8 

■904 

■8 

•181 

•8 

•605 

•9 

■906 

'4 

•848 

•9 

•961 

•4 

•236 

•9 

728 

1-0 

4-940 

8-5 

•890 

6-0 

0-993 

8'6 

•201 

11-0 

9-792 

•1 

■976 

•6 

•930 

■1 

7-047 

•6 

•847 

•1 

■857 

•2 

6-011 

7 

•972 

•2 

•095 

7 

•404 

•2 

•923 

•8 

■047 

•8 

8-014 

■8 

•144 

■8 

•461 

•8 

■989 

■4 

•082 

•9 

•058 

•4 

*193 

■9 

■517 

■4 

10-054 

1-6 

•118 

4-0 

6-097 

6-6 

■242 

0-0 

8-674 

11-5 

■120 

•6 

•155 

•1 

•140 

■8 

■292 

*1 

•632 

•6 

■187 

7 

*191 

■2 

•183 

7 

■842 

•2 

•690 

7 

•255 

•8 

•228 

*8 

•226 

■8 

■892 

■8 

748 

•8 

•322 

•9 

285 

•4 

•270 

•9 

■442 

•4 

•807 

•9 

•839 

20 

5'302 

4-5 

•813 

7-0 

7'492 

9-6 

•865 

12'0 

10-457 

•1 

•840 

•8 

•857 

•1 

•544 

•6 

•925 

•1 

•626 

•2 

•378 

7 

•401 

•2 

•595 

7 

•985 

*2 

■596 

•8 

•416 

•8 

•445 

•8 

•847 

•8 

9-045 

•8 

•665 

•4 

•464 

■9 

•490 

•4 

•699 

■9 

■105 

•4 

L 

784 
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Tables required in Water Analysis. Table I.— continued. 


1 

•a 

mm* 

•a 

mm.- 

•o. 

mm* 

• a 

mm* 

■ a 


12-6 

10-804 

17-1 

14-518 

21-7 

10-805 

20-8 

25-438 

80-0 

83-216 

■8 

•875 

■2 

■005 

•8 

•428 

•4 

•688 

81-0 

83-406 

7 

•047 

•8 

■807 

■0 

•641 

26*5 

•788 

•1 

•690 

■8 

11-010 

•4 

•700 

22'0 

19-060 

•6 

■891 

•2 

■787 

■9 

•000 

17-5 

■882 

•1 

■780 

•7 

26-045 

•8 

■980 


18-0 

11-102 

•8 

■977 

•2 

■901 

•8 

198 

■4 

84174 

•1 

■285 

•7 

15-072 

•8 

20-022 

■0 

■861 

81-5 

•808 

■2 

■800 

•8 

•167 

•4 

•143 

27'0 

20-606 

■0 

•604 

■3 

.888 

•9 

•202 

22-5 

•265 

•1 

•608 

7 

701 

■4 

•460 

18-0 

16-857 

•0 

•889 

•2 

•820 

•8 

•969 

18-6 

•680 

■1 

•454 

•7 

•614 

•3 

•978 

■9 

86169 

•0 

•005 

•2 

•562 

■8 

■089 

■4 

27136 

82-0 

86-869 

■7 

•081 

•8 

•850 

•9 

•70S 

27-6 

■204 

■1 

-659 

■8 

•767 

•4 

•747 

28-0 

20-888 

■0 

•466 

•2 

760 

•9 

■882 

18-6 

■845 

•1 

21-016 

•7 

■017 

■8 

•962 

14-0 

11-908 

■8 

■946 

•2 

•144 

■8 

778 

•4 

86106 

■1 

•086 

•7 

10-045 

•8 

•272 

•9 

■080 

82-6 

■870 

•2 

12-004 

■8 

■145 

•4 

•400 

28-0 

28101 

•0 

■576 

•8 

•142 

•9 

•240 

28-5 

■528 

•1 

•207 

7 

788 

•4 

■220 

100 

10-840 

•0 

21-659 

■2 

•438 

■8 

■001 

14-6 

•298 

■1 

•446 

•7 

•790 

•8 

. -699 

•9 

87-200 

-0 

■878 

■2 

•562 

■8 

•921 

•4 

706 

83-0 

37-410 

•7 

•468 

■8 

■065 

•0 

22-058 

28-6 

•931 

1 

•021 

•8 

•538 

•4 

•768 

24-0 

22-184 

■6 

20101 

•2 

•882 

•9 

■019 

19-5 

■801 

•1 

•819 

•7 

•271 

■8 

88-046 

16-0 

12-099 

■6 

■067 

■2 

■458 

•8 

■441 

•4 

•268 

•1 

■781 

•7 

17-078 

■8 

•688 

•9 

■012 

83-5 

■478 

•2 

•804 

•8 

•179 

■4 

■723 

29 -0 

29782 

■6 

•689 

•3 

•047 

•9 

■286 

24-5 

■858 

1 

•960 

7 

■900 

•4 

18-020 

20-0 17-891 

■6 

•090 

•2 

80181 

•8 

89124 

16-6 

•112 

■1 

■500 

•7 

23-135 

■8 

•806 

•9 

■844 

•0 

•197 

■2 

■008 

•8 

■278 

•4 

•470 

84-0 

80-666 

•7 

■281 

■8 

•717 

•9 

•411 

29 -6 

■654 

•1 

780 

•8 

•306 

•4 

•820 

25-0 

23-560 

■0 

■833 

•2 

40-007 

•9 

•451 

20-5 

■035 

T 

■692 

•7 

31-011 

•8 

■280 

10-0 

18-686 

•0 

18-047 

■2 

■834 

•8 

190 

•4 

•465 

■1 

■828 

•7 

■159 

■8 

•976 

■9 

■309 

84-6 

■080 

•2 

•710 

•8 

•27] 

■4 

24119 

80-0 

81-548 

■6 

■007 

■8 

•797 

■9 

•383 

26-5 

■201 

1 

720 

7 

41136 

■4 

•885 

21-0 

18-496 

•0 

■400 

•2 

•911 

■8 

■804 

16-5 

■972 

■1 

•010 

•7 

■652 

•8 

82-094 

•9 

•596 

■0 

14-002 

•2 

•724 

•8 

•697 

•4 

•278 

86-0 

•827 

•7 

•161 

•8 

■839 

•0 

■842 

80-5 

•463 



•8 

■241 

■4 

■954 

28-0 

24-988 

■6 

■050 



•9 

■331 

21-5 

10-009 

T 

25188 

•7 

•887 



17-0 

14-421 

■8 

T87 

■2 

•288 

•8 

88-020 
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Tables esquired in Water Analysis — continued. 

II. Reduction of Cubic Centimetres of Nitrogen to Groms. 

T 0-0012607 r 

g ‘( l +-003666 t) 760 ‘° r 011011 tenth of a de « ree ^ 0* to 80' 0. 


t. 

0-0 

o-i 

0-2 

0-3 

° 0.' 





0 

3-21034 

018 

602 

680 

1 

476 

469 

443 

427 

2 

817 

801 

286 

269 

S 

159 

148 

127 

112 

4 

002 

353 

373 

535 

fi 

3-20846 

820 

818 

798 

0 

3-20089 

078 

G68 

642 

7 

684 

618 

603 

487 

8 

379 

864 

348 

888 

0 

226 

210 

194 

170 

10 

071 

060 

040 

025 

11 

3-19917 

002 

887 

872 

12 

3-10766 

760 

786 

720 

18 

018 

698 

688 

608 

14 

401 

440 

431 

416 

16 

810 

206 

280 

206 

16 

169 

144 

129 

114 

17 

009 

99? 

373 

33? 

18 

S’18869 

844 

829 

814 

19 

710 

606 

680 

005 

20 

602 

647 

582 

617 

21 

414 

899 

884 

869 

22 

200 

251 

230 

221 

28 

119 

104 

089 

075 

24 

3-17978 

968 

048 

929 

26 

827 

812 

797 

788 

20 

881 

668 

661 

087 

27 

680 

621 

507 

492 

28 

891 

870 

862 

847 

29 

247 

282 

218 

208 


0-4 

0-5 

0-0 

0-7 

0-8 

0-9 

570 

554 

630 

62 a 

507 

491 

411 

395 

379 

368 

847 

832 

253 

287 

221 

206 

189 

174 

066 

080 

065 

040 

038 

018 

030 

333 

333 

533 

B73 

BBI 

782 

700 

761 

786 

1 

719 

704 

027 

011 

666 

580 

505 

549 

472 

450 

441 

425 

410 

894 

817 

802 

280 

271 

255 

240 

168 

148 

132 

117 

101 

080 

009 

90? 

573 

535 

515 

553 

850 

841 

820 

811 

790 

780 

704 

689 

674 

059 

044 

628 

662 

637 

622 

607 

492 

470 

401- 

886 

371 

850 

341 

826 

260 

236 

220 

205 

190 

174 

069 

084 

069 

064 

089 

024 

5?5 

35? 

315 

33? 

BBS 

87? 

799 

784 

760 

764 

789 

724 

050 

085 

020 

006 

591 

676 

502 

487 

472 

458 

443 

428 

864 

839 

824 

310 

296 

280 

206 

191 

170 

162 

147 

132 

060 

045 

081 

010 

002 

5B7 

914 

899 

885 

870 

850 

841 

708 

758 

789 

724 

710 

695 

022 

007 

698 

678 

564 

549 

478 

403 

449 

434 

420 

405 

833 

318 

804 

289 

275 

260 

189 

176 

180 

140 

181 

117 
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Tablbs bequiehd in Water Analysis— continued, 

I1L Loss qf Nitrogen by Evaporation of NH 8 with 
Sulphurous Acid, 

Parte per 100,000. 


NH , 

Lots 

of N 

NH , 

Lon 
of N 

NH , 

Low 
of N 

NH , 

Lon 
of N 

NH , 

Lou 
of N 

NH , 

1 

Lon 
of N 

8-0 

1-727 

4-8 

1-461 

8-8 

•077 

2-4 

■608 

1-2 

•260 

•09 

•014 

6'0 

1-707 

4-7 

1-411 

8-6 

•087 

2-8 

■468 

1-1 

■288 

■08 

■013 

6-8 

1-888 

4-8 

1-872 

8-4 

-898 

2*2 

■424 

1-0 

■226 

•07 

■012 

6-7 

1-668 

4-6 

1-882 

8-8 

•868 

2-1 

-384 

0-9 

•106 

•06 

•010 

5-6 

1-648 

4-4 

1-208 

8-2 

‘819 

2-0 

•346 

•8 

•166 

•06 

•009 

6-5 

1-828 

4-8 

1-268 

8-1 

779 

1-9 

■838 

7 

•186 

•04 

•007 

5-4 

1-809 

4-2 

1-214 

8-0 

740 

1-8 

•821 

■8 

•106 

•08 

•008 

6-8 

1-680 

4-1 

1-174 

2-9 

700 

17 

‘809 

•6 

•077 

'02 

•004 

6-2 

1-660 

4-0 

1-186 

2-8 

•681 

1-6 

•207 

■4 

•062 

•01 

•008 

6-1 

1-640 

8-0 

1-006 

27 

■821 

1-6 

■286 

•8 

•047 

•009 

•001 

6-0 

1-680 

8-8 

1-066 

2-8 

•682 

1-4 

■274 

•2 

•082 



4-9 

1-490 

8-7 

1-018 

2-6 

•642 

1-8 

■262 

•1 

0-17 




IV. Loss of Nitrogen by Evaporation qf NH a with Hydrio 
Metaphosphate. 

Parts per 100,000. 


Volume 

evaporated. 

NH, 

Lou 
of N 

Volume 

evaporated. 

NH, 

Lon 
of N 

Volume 

evaporated. 

NH, 

Lon 
of N 

100 ao. 

10-0 

■488 

100 C.C. 

8-8 

•424 

100 ac. 

8-6 

•866 

19 

9-9 

■480 

> 1 

8-2 

■421 


8-6 

•861 

99 

9-8 

•476 

>J 

8-1 

•417 


8-4 

•868 

99 

97 

•478 

II 

8-0 

•414 


6 8 

•864 

99 

9*8 

•460 

1 1 

7-9 

•410 

|| 

6-2 

■861 

99 

9-6 

•466 

11 

7-8 

•407 

11 

6-1 

•848 

99 

9-4 

•462 

99 

77 

•408 


6-0 

-846 

99 

0-8 

•469 

II 

7-6 

•400 


6 9 

•841 

19 

9-2 

•466 

II 

7-6 

•896 


6-8 

■837 

99 

9-1 

•462 

i r 

7-4 

•898 


67 

•888 

I 9 

9-0 

■448 

II 

7-8 

•889 


6-8 

•880 

99 

8-9 

•446 

n 

7-2 

-386 


6 6 

•826 

01 

8-8 

•441 

II 

7-1 

‘882 


6-4 

•322 

1 V 

87 

-488 

11 

7-0 

*879 

] | 

6-8 

■818 

M 

8-8 

•484 

)i 

6-9 

•876 

11 

6-2 

■814 

11 

8-6 

■481 

ii 

6-8 

•872 


6-1 

•810 

>1 

8-4 

•428 

19 

67 

•868 

9 9 

6-0 

•806 
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Ta b l e s reqtjerhd dt WAraa Analyhib. Table IV.— continuod . 


Volume 

evaporated. 

NH, 

Lou 
of N 

Volume 

evaporated. 

NH, 

Lou 
of N 

Volume 

evaporated. 

NH, 

Lou 
of N 

100 a.o. 

4-9 

*802 

100 o.o. 

2-9 

■211 

260 0,0. 

•0 

090 

11 

4'8 

■298 


2*8 

•206 


■8 

•080 

J| 

47 

■294 


2-7 

•200 


■7 

•070 

If 

4*6 

*201 


2-0 

■196 


•0 

■060 

f 1 

4*6 

*287 


2-6 

T0O 

600 oc. 

■6 

•060 

Jf 

4‘4 

*288 


2-4 

T84 


■4 

•040 

If 

4*8 

•279 


2 8 

•179 


■8 

■080 


4*2 

*276 


2 2 

•174 

1000 clo 

■2 

■020 

1 I 

4*1 

*271 


2-1 

•109 


•1 

•010 

9 1 

4*0 

•207 


2-0 

•164 


•09 

■009 

1 1 

8*0 

■202 


1-9 

•168 


•08 

•008 

1 1 

8*8 

•267 


1-8 

T58 


■07 

■007 

1 1 

8*7 

•262 


1-7 

■148 


■00 

•000 

If 

8*6 

•247 


1-0 

•148 


•06 

•006 

If 

8*6 

■242 

91 

1*5 

•187 


■04 

•004 

9 9 

8*4 

*286 


1-4 

•182 


*08 

008 

l> 

8*8 

■281 

If 

1-8 

•127 


•02 

■002 

II 

8*2 

■220 


1-2 

•122 


*01 

■001 

9 9 

81 

•221 


1-1 

■117 




19 

8 0 

•210 

j 

1) 

1-0 

•112 





V. Loss of Nitrogen by Evaporation qf NH 9 with 
Sulphurous Acid. 

Parts per 100,000. 


N na 

Lena 

N u 

Los* 

N as 

Lou 

NH a 

of N 

NH, 

of N 

NH, 

of N 

6-0 

1-741 

3-9 

1-426 

2-9 

•940 

4-9 

1717 

8-8 

1-878 

2-8 

■898 

4 8 

1-098 

87 

1-830 

27 

■860 

47 

1-609 

8-0 

1-282 

2-6 

•802 

4-0 

1-046 

8-6 

1-284 

2-6 

764 

4-6 

1-021 

8-4 

1-180 

2-4 

700 

4-4 

1-698 

8-8 

1-138 

2-8 

•668 

4-3 

1-674 

8-2 

1-090 

2-2 

'810 

4 2 

1-660 

8-1 

1-042 

2 1 

•662 

4-1 

1-621 

8-0 

*904 

.2-0 

•614 

4-0 

1-478 






N u 

NH, 

Loss 

of N 

N u 

NH, 

Low 
of N 

N BB 
NH, 

Lom 
of N 

1-9 

•466 

■9 

■237 

•08 

■017 

1-8 

•418 

■8 

■217 

■07 

•015 

17. 

■870 

7 

•181 

•08 

•018 

1-0 

■888 

•6 

•146 

•05 

•Oil 

1-6 

•824 

•6 

■109 

■04 

•009 

1-4 

•809 

•4 

•076 

•08 

'007 

1-8 

•296 

•8 

•067 

*02 

•005 

1-2 

■280 

■2 

*088 

•01 

•008 

1-1 

•200 

■1 

•020 

•008 

•002 

1-0 

•262 

•09 

•018 

•007 

•001 
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Tables tisquibed in "Water Analysis — conttnved. 
YL Loss of Nitrogen by Evaporation of NH t with Eydric 
Metaphosphate. 

Parts per 100,000. 


Volume N as 

an pointed. NHj 

Loss 
of N 

Volume 

evaporated. 

Nai 

NH, 

Loss 
of N 

Volume 

evaporated. 

N as 
NH S 

Ijohh 

of N 

BRi 

*482 

100 C.O. 

61 

■852 

100 C.C. 

21 

■192 

81 

*477 

99 

6-0 

•847 

19 

2-0 

•186 


■478 

)J 

4-9 

■848 

PI 

1-9 

■180 

>, 7-0 

■409 

J / 

4-8 

•838 

9 1 

1-8 

•178 

„ 7*8 

■406 

It 

4-7 

■884 

91 

1-7 

167 

„ 7*7 

•401 

J | 

4-0 

■829 

9 9 

1-0 

•101 

„ 7*6 

•450 

1 1 

4-6 

•824 

V 9 

1-6 

•164 

7*6 

•462 

99 

4*4 

•819 

91 

1-4 

•148 

,, 7*4 

•448 


4-3 

■815 

99 

1*8 

•142 

.. 7*8 

•444 


4*2 

■810 

|l 

1-2 

•136 

» 7*2 

Eal 

91 

41 

■806 

9 9 

11 

•129 

7*1 

•485 


4-0 

•801 

99 

1-0 

■123 


■431 

1) 

a-9 

•290 

99 

■9 

•117 

,< 6-9 

■427 

f J 

8-8 

•291 

1 9 

■8 

■111 

6*8 

■428 

9 9 

87 

■280 

250 o.o. 

■7 

•088 

„ fl*7 

■410 

19 

8-0 

■281 

9 | 

•0 

•073 

8-8 

•414 

11 

8*6 

•277 


•5 

■001 

6*6 

PSTil 

9) 

8*4 

■272 

600 0.0. 

■4 

■049 

.. 6-4 

■400 

II 

8*8 

•207 

9 1 

■8 

■086 

„ 0*8 

Wwm 


3*2 

•201 

1000 0.0. 

•2 

•024 

,, 6*2 

•898 

If 

81 

•256 

PI 

1 

-012 

„ 61 

•894 

II 

8-0 

•249 

11 

■09 

•Oil 


•889 

T 11 

2-9 

•242 

9 | 

■08 

•010 

.. 6"9 

•886 

99 

2'8 

■230 

1 9 

■07 

■008 

.. 6*8 

•881 

II 

2-7 

•280 

99 

•00 

•007 

„ 6*7 

■877 

II 

2-6 

•223 

1 9 

■05 

•000 

.. 

■878 

II 

2'5 

■217 

9 V 

■04 

•006 

.. 6*6 

■808 

11 

24 

•211 

1 | 

■08 

■004 

.. 61 

•304 

] | 

2*3 

•205 


■02 

•002 

„ 5*3 

El 

9 | 

2-2 

108 

\\ 

•01 

•001 

6*2 

•850 








VII. Table of Hardness. 


(50 G.Q. of water used.) 


Volume 
of Soap 
eola¬ 
tion. 

CuCO, 

per 

100,000 

Degree* 
of Hard- 

neee.* 

Volume 
of Soap 
•elu¬ 
tion. 

0t00, 

ioS^ooo 

Degrees 
at Hard- 
nett, 

Volume 
of Soap 
solu¬ 
tion. 


Degrees 
of Hard¬ 
ness. 


o-oo 

o-oo 

C.C. 

1-8 

0-95 

0-07 

G.C. 

1-9 


1-27 


010 

nfffw 

•4 

HU 

078 

2-0 

1-95 

1-37 

0-0 

0 82 

0-22 

■6 

1-27 

0-89 

•1 

EUS 

1-40 

1*0 

0-48 

0-84 

■0 

1'48 

1-00 

•2 

2-21 

3- 66 

■1 

0-08 

0-44 

7 

1-56 

1-09 

■8 

2-84 

1-04 

■2 

079 

0-65 


1-00 

1-18 

■4 

2-47 

1-78 , 
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Tables bequised in "Wathb Analysis. Table VII . — continued. 


Volniue 
of Soap 
solu¬ 
tion. 

0n00, 

per 

100,000 

Degrees 
of Hard¬ 
ness,* 

Yolnme 
of Soap 
solu¬ 
tion. 

OaCO, 

per 

100,000 

De^reea 
of Hard¬ 
ness, 

Yolnme 
of Soap 
solu¬ 
tion. 

CaCO, 

per 

100,000 

Degrees 
of Hard- 

ness. 

0.0. 



0 - C . 



O.C. 



2-5 

2-00 

1-82 

77 

0-00 

0-80 

117 

16-96 

1177 

■0 

2 78 

1-01 

•2 

974 

0-40 

•8 

1071 

11-28 

7 

2-80 

2-00 

■8 

0-29 

0-50 

•9 

10-27 

11-89 

■8 

2-99 

2-00 

•4 

9-48 

0-00 

12-0 

16-48 

11-60 

■0 

8-12 

278 

•6 

0-67 

0-70 

•1 

10-69 

11-01 

8-0 

8-26 

2-28 

•0 

971 

0-80 

■2 

1676 

1178 

■1 

8-88 

2 87 

•7 

9-80 

0-00 

■8 

10-90 

11-88 

•2 

8-61 

2-40 

•8 

10-00 

7-00 

•4 

17-00 

11-94 

■8 

8-04 

266 

■9 

1075 

7 'U 

•5 

17-22 

12-05 

■4 

8-77 

2 64 

8-0 

10-80 

7-21 

•0 

17-38 

1277 

■6 

8-00 

278 

7 

10-46 

7‘32 

■7 

17-64 

12-28 

■0 

4-08 

2-82 

•2 

10-00 

7-42 

■8 

17-70 

1280 

7 

4-10 

2-91 

•8 

1075 

7-68 

■9 

17-80 

12-50 

■8 

4-29 

8-00 

•4 

10-00 

7-08 

18-0 

18-02 

12-61 

■9 

4-48 

870 

■6 

11-06 

774 

■1 

1877 

1272 

4-0 

4-67 

8-20 

■0 

11-20 

7-84 

■2 

18-38 

12-83 

‘1 

4-71 

8-30 

7 

11-85 

7-96 

■8 

18-49 

12-04 

•2 

4-86 

8-40 

•8 

11-50 

8-06 

■4 

18-06 

18-00 

■8 

5-00 

8-50 

•9 

11-06 

870 

■6 

18-81 

13 77 

•4 

6-14 

8-00 

9-0 

11-80 

8-20 

■6 

18-97 

18-28 

■6 

6-20 

870 

7 

11-96 

8-87 

7 

1973 

18-89 

•0 

6-43 

8'80 

•2 

1271 

8-48 

■8 

19-29 

18-60 

■7 

6-67 

8-00 

•3 

12-20 

8-68 

■9 

19-44 

13-61 

•8 

6-71 

4-00 

■4 

12-41 

8-09 

14-0 

19-80 

1872 

•9 

6-80 

470 

■6 

12-60 

879 

■1 

19 76 

18-88 

6-0 

0-00 

4-20 

•6 

12-71 

8-00 

■2 

10-92 

18-04 

■1 

674 

4-30 

7 

12-80 

9-00 

•3 

20-08 

14-00 

■2 

0-20 

4-40 

■8 

13-01 

0 71 

•4 

20-24 

1477 

•8 

6-48 

4-60 

•9 

18-16 

9-21 

•5 

20-40 

14-28 

■4 

0-67 

4-00 

io-o 

13-81 

9-82 

•0 

20-50 

14-89 

■6 

6-71 

470 

■1 

18-40 

9-42 

•7 

2071 

14-60 

■0 

0-86 

4'80 

■2 

18-01 

9-63 

•8 

20-87 

14-61 

■7 

7-00 

4'90 

■8 

1370 

9-08 

•0 

21-08 

1472 

•8 

774 

6-00 

■4 

18-01 

0 74 

15-0 

2179 

14-88 

■9 

7'20 

570 

•5 

14-00 

9-84 

•1 

21-86 

14-96 

0-0 

7-48 

6-20 

■0 

14-21 

0-05 

•2 

21-51 

15-00 

•1 

7-67 

6-80 

•7 

14-37 

10-00 

■8 

21-08 

16-18 

■2 

7-71 

5-40 

■8 

14-52 

10 70 

•4 

21-85 

15-80 

•8 

7-86 

6-50 

■9 

14-68 

10-28 

■5 

22-02 

75-41 

•4 

8-00 

5-00 

11-0 

14-84 

10-89 

•0 

2278 

16-58 

■6 

874 

570 

7 

15-00 

10-50 

•7 

22-86 

15-05 

•0 

8-29 

5-80 

•2 

15-10 

10-01 

•8 

22 52 

1576 

7 

8-48 

5'90 

•8 

15-32 

1072 

■9 

22-09 

16-88 

■8 

8'67 

0-00 

-4 

16-48 

10-84 

10-0 

22-86 

10-00 

•9 

8 71 

070 

■5 

16-08 

10-94 




7-0 

8-80 

0-20 

•0 

1579 

11-06 





* Each degree of hardness Indicate* one grain of CaCO s per gallon. 
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Tables bequtbbd dt Wateb Analybi&— continued. 
YIEL Olark'a Table of Hardness qf Water. 


^ Degree* of 
Hardness. 

Measures 
of So*p 
solution. 

Difference* 
for the neat 1* 
of Hwduee*. 

Degree * of 
Haitlne **. 

Measure* 
of Soap 
solution. 

Difference* 
for the next 1* 
of Hardness. 

0 (distilled 



8 

17-5 

1-9 

water) 

1-4 

1'8 

9 

19-4 

1-9 

1 . 

8'2 

2 2 

10 

21-8 

1-8 

2 

6'4 

2-2 

11 

28-1 

1-8 

8 

7-0 

2'0 

12 

24-9 

1 '8 

4 

9-0 

2-0 

18 

20-7 

1-8 

5 

11'0 

2-0 

14 

28-5 

1-8 

8 

18 0 

2-0 

15 

80-8 

17 

7 

16-0 

1-9 

16 

82*0 



Each maamro equals 10 grains, the quantity of water operated upon equals 1000 grain*, 
*nd each " degree of hardness" indicate* 1 grain of calcic carbonate per gallon. 


Thb Dbwhrmxnation oe Nitrates en Water by 
Phhnol-dibolphonio Achd. 


(Sprengel’s method modified.) 

Solutions required. 

(1) Phenol-disulvhonic Acid .—Mix together 2 parts by measure of 
phenol,* liquefied by heat, and 5 parts of pure concentrated sulphuric 
acid, and heat in a porcelain basin on the water-bath for about 8 
hours, with occasional stirring. When cool, add l£ volumes of 
water aud £ volume strong hydrochloric acid to each volume of 
the phenol-maul phonic acid. 

Convenient quantities are 80 c.c. phenol, 200 ao. HjSO* ; 420 c.c. 
water and 140 c.c. H01, producing 840 c.o. of a light brown solution, 
which ie ready for immediate use. 

(2) Standard Potassium A itrate. —0-0722 graiq KNO„ crystals are 
dissolved in a litre of water.t 

10 a c. = 0-0001 gram N, or 1 part of N in 100,000 of water when 
10 c.c. are evaporated. 

(3) 10% ammonia (1 voL '880 + 2 vole, water) ; or potash solution, 
made by dissolving 330 grams stick potash in one litre of water. 

About 16 c. 0 . of either of the above to be used for each residue. 


The determination is made as follows :—10 c.c. of the water under 
examination and 10 c.c. standard KNO a are pipetted into 16 c,c. 
beakers and evaporated nearly to dryness on a not iron plate, the 


* Calvert'* Bo. s medical carbolic add answers well. 

+ Or ditaolve 0-7117 gram KNOa In a litre of distilled water. 1 0 . 0 . of thl* may 

Jj Tiwdlor standard, but It ia better to dilute 60 o.a to 600 ao. and measure out 
10 ao. of the latter for each set of determination!. 
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operation being completed, on the top of the water-oven. To each 
residue 1 c.o/of the phenol-disulphonio acid solution is added, and 
the latter brought into contact with the whole of the residue in 
each beaker. This is done simply by rotating the beaker, held in 
an inclined poeition, until the entire residue has been moistened : 
no stirring rod is required. The beakers are then left on the top 
of the water-oven for IB minutes and at the end of that time are 
at once filled up with cold water and removed to the working- 
bench, if a number of residues are being treated simultaneously. 
The standard solution is then rinsed into a 100 C.G. graduated 
cylinder, a slight excess (about 18 c.c.) of 10% ammonia or of caustic 
potash solution added, the 100 c.c. made np by the addition of 
water, and the yellow liquid tr ansf erred to a Neasier glass (6 x 1^ ina). 
Each of the other beakers is then successively treated in the same 
way and comparison made with the standard as in Nesderizing. 
The colours are best compared when the Neasier glasses are held 
side by side at a short distance above a thick white filter paper. 

The results obtained with the aid of Table IX. are only approxi¬ 
mate when more than about 1‘6 parts of nitric nitrogen per 
100,000 of water are present. In all cases where the nitric nitrogen 
exceeds 1‘5 parts per 100,000, it is necessary to make a second 
determination, using such a volume of water as to give a colour 
very nearly equal to that of the standard.* Thus, if a water showed 
2 parts of nitric nitrogen per 100,000, 5 ac. Bhould be evaporated 
to dryness and treated as before; one giving 4 parts would really 
contain decidedly more, and 20 ao. of tne sample should be trans¬ 
ferred to a 100 c.c. measuring flask, diluted to the mark with water, 
and 10 ac. of the thoroughly mixed solution (—2 c.c. original water) 
evaporated down for a iresh determination. In the case of very 
good waters, the solution and washings should be kept as Bmall as 
possible, Bince a portion of the standard 100 o.o. will have to be 
poured into the cylinder in order to match the colours. Suppose 
that 0'2B part of nitric nitrogen is thus shown, then 40 ao. of the 
water are measured into a larger beaker, evaporated to a small 
bulk, rinsed into a Bmall beaker and evaporated to dryness, etc., as 
above; or 20 c.c. of the water may be taken and compared with a 
standard made by using only 6 c.c. of the KNO s solution. (This 
method is inapplicable in the presence of thiocyanates t). 

Chamot, Pratt and Eedfield J have recently made a study of this 
method, and their results may briefly be summarized as follows:— 

A modified phenol-sulphonic acid method. —Preparation of 
reagents required. 

Phenol-diflulphonic acid. —Dissolve 26 gm. of pure white phenol 
in 160 c.c. of pure concentrated sulphuric acid, ada 75 c.c. of fuming 
sulphurio add(13%SOa), stir well, and heat for 2 hours at about 100° O. 

* If the eecond experiment li to be made the same day, the same itandard, If 
covered with a beaker, can be need again. 

t See H. Silvester, Jovm. Soc. Chem. Ini., 1012, Sl t OS. 

t The Ohmieai Newt , 1911, 104. p. 1*0, et tiq . 
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S tandar d silver sulphate. —4'3969 gm. of silver sulphate (free 
from nitrate) to the litre. 

1 C.C.— 1 c.c. of standard AgN0 8 (l'§486 jjm- P 6 * litre) 
equivalent to 0*001 gram ohlorme. 

Method of procedure. —First determine the alkalinity, the 
chlorine and nitrite content, and the colour of the sample. Should 
the colour be high, decolorize with “aluminium cream.” 

Measure out such a volume of the water (100 c.c. or leas) as will 
contain about 1 part of nitric nitrogen per 100,000, fairly low- 
colorimeter readings having been found moat reliable. Add 
sufficient N725 or N/50 sulphuric acid barely to neutralize the 
alkalinity, then enough standard silver sulphate solution to pre¬ 
cipitate all but 0*6 mgm. of the chlorine. Heat to boiling, add a 
little al uminium cream, filter, and wash with small amounts of 
hot water. Evaporate the filtrates to dryness, add 2 c.c. of the 
disulphonic acid reagent, rubbing with a glass rod to ensure intimate 
contact. Should the residue be compact or vitreous in appearance 
from the presence of much magnesium or iron, place the evaporator 
on the water-bath for a few minutes. Dilute with water and add 
slowly KOH solution (10-12 normal) until the maximum colour is 
developed- Transfer to a colorimeter cylinder, filtering if necessary, 
and compare with a potassium nitrate or tripotassium nitrophenol 
disulphouate standard. 

Should nitrites he present in excess of 01 part of nitrous nitrogen 
per 100,000, a slight error will he introduced. They should, there¬ 
fore, be removed by heating the Bample a few moments with a few 
drops of hydrogen peroxide (free from nitrates), repeatedly added, 
or dilute potassium permanganate may be added in the cold until 
a trace of pink appears and a correction applied to the final nitrate 
nitrogen reading due to the conversion of the nitrites to nitrates. 

Directions for making permanent standards are given. 
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Tables bequibed in Water Analysts— continued. 


IX. Estimation of Nitrogen oa Nitrates by SprangeTa Method {for waters 
containing more than one part qf N in 100 , 000 ). 


No. of c.c.of 
yellow solu¬ 
tion equal to 
the standard 
100 a.c. 

Nitrogen as Nitrates. 

No, of <5,0, of 
yellow solu¬ 
tion equal to 
the standard 
100 0.0. 

Nitrogen as Nitrates. 

Parts per 
100,000. 

Grains per 
gallon. 

Parts per 
100,000. 

Grains per 
gallon. 

100 

■n 

mm 

60 

2'00 

1-40 

05 



48 

2-08 

1-46 

00 

Ifflw 


40 

217 

1-62 

85 

1-18 

0'88 

45 

2-22 

1-66 

80 

1-26 

0'68 

44 

2-27 

1-69 

78 

1-28 

0 '00 

42 

2-38 

1-07 

70 

1-82 

O '02 

40 

2-60 

176 

75 

1-88 

0-08 

88 

2-68 

1-84 

74 . 

1-85 

0-06 

86 

278 

1-05 

72 

1-80 

0-07 

86 

2 80 

2-00 

70 

1-48 

1-00 

84 

2-94 

2-06 

08 

1-47 

1-03 

82 

8 18 

2-19 

00 

1-61 

1-08 

80 

8*88 

2-88 

66 

1-64 

1-08 

28 

8'57 

2-60 

64 

1-65 

1-09 

20 

8-86 

270 

62 

1-61 

1-18 

25 

4-00 

2-80 

60 

1-67 

1-17 

24 

4-17 

2-02 

58 

1-72 

1-20 

22 

4-65 

8-19 

56 

178 

1-25 

20 . 

6-00 

8-60 

55 

1-82 

1-27 

18 

6-55 

8-89 

64 

1-85 

1-30 

10 

6-26 

4'88 

52 

1-02 

1-84 

15 

6-07 

4-07 


X Table for the Conversion of Parts per 100,000 into Grains per 
Gallon. 


Port* per Grains per Parts per Grains per Parts per Grains per Parts per Grains per 
100,000. gxllon. 100,000. gallon. 100,000. gallon. 100,000. gallon. 


1 

07 

9 

0-8 

2 

1'4 

10 

7-0 

8 

2'1 

11 

77 

4 

2-8 

12 

8-4 

6 

8 5 

18 

9-1 

0 

4-2 

14 

9-8 

7 

4*9 

16 

10-6 

8 

5-8 

16 

11-2 


17 

11-9 

26 


18 

12'0 

20 


19 

18-8 

27 


20 

14-0 

28 


21 

147 

20 


22 

16-4 

80 


23 

16-1 

81 


24 

16-8 

82 
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Tablbb bbqttibed nr Watbr Analybib. Tablb X.— continued. 


Parti per Grains per 

100,000. gallrm. 


Parti per Grafau per 

100,000, J*t1 im 


Part* per Grains per 
100,000, gallon. 


Parti per Grain■ per 
100,000. gaflim. 


88 

28-1 

78 

64'6 

84 

28-8 

70 

66'8 

85 

24-6 

80 

60-0 

86 

26-2 

81 

667 

87 

26*0 

82 

67-4 

88 

20-8 

88 

681 

80 

27-8 

84 

68 -8 

40 

28 0 

86 

69'6 

41 

28-7 

88 

00-2 

42 

20-4 

87 

60-9 

48 

80-1 

88 

01-0 

44 

80-8 

80 

62-8 

46 

81-6 

00 

08-0 

46 

82*2 

01 

687 

47 

82-0 

92 

64'4 

48 

88-6 

98 

66-1 

40 

84-8 

94 

65-8 

60 

85 0 

06 

60-6 

61 

867 

96 

67 2 

62 

80-4 

97 

67-9 

68 

87'1 

98 

68-6 

64 

87'8 

90 

09-8 

66 

88 6 

100 

70-0 

66 

80 2 

101 

707 

67 

80-0 

102 

71-4 

68 

40-6 

108 

72-1 

60 

41-8 

104 

72-8' 

60 

42-0 

106 

78-6 

61 

427 

100 

74-2 

62 

48’4 

107 

74-9 

68 

44'1 

108 

76-0 

64 

44-8 

109 

70-8 

66 

46-6 

110 

77-0 

66 

48-2 

111 

777 

67 

46-0 

112 

78-4 

68 

47'6 

118 

79-1 

60 

48'3 

114 

79-8 

70 

40-0 

116 

80-5 

71 

407 

110 

81-2 

72 

60-4 

117 

81-0 

73 

fill 

118 

82-0 

74 

61-8 

119 

83 8 

76 

62'6 

120 

84-0 

76 

68-2 

121 

847 

77 

68*0 

122 

86-4 


128 

801 

108 

117-8 

124 

80-8 

169 

118-8 

126 

87-5 

170 

119-0 

120 

88-2 

171 

1197 

127 

88-9 

172 

120-4 

128 

89-0 

178 

121-1 

129 

90-8 

174 

121-8 

180 

910 

175 

122-6 

181 

917 

176 

128-2 

182 

92-4 

177 

128-9 

188 

93-1 

178 

124-6 

134 

03-8 

179 

126-8 

185 

04-6 

180 

120 0 

180 

05-2 

181 

1267 

187 

95-0 

182 

127-4 

188 

96-6 

188 

1281 

189 

97-8 

184 

128-8 

140 

98-0 

186 

129-6 

141 

98-7 

180 

130-2 

142 

90-4 

187 

180-9 

148 

100-1 

188 

181-0 

144 

100-8 

189 

182-3 

146 

101-5 

190 

138-0 

146 

102-2 

101 

1887 

147 

102-0 

102 

184-4 

148 

108-0 

193 

186-1 

140 

1048 

194 

185-8 

150 

106-0 

196 

136-6 

161 

1067 

106 

187-2 

162 

.06-4 

197 

137-0 

168 

107-1 

198 

188-0 

154 

107-8 

199 

189-8 

155 

108-5 

200 

140-0 

156 

109-2 

201 

1407 

167 

109-9 

202 

141 -4 

168 

110-6 

208 

142-1 

159 

111-8 

204 

142-8 

180 

112-0 

205 

148-6 

161 

1127 

200 

144-2 

162 

118-4 

207 

144-9 

168 

114-1 

208 

146-0 

164 

114-8 

209 

148-8 

165 

115-5 

210 

147-0 

100 

110-2 

211 

1177 

187 

110-0 

212 

148-4 
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Tables required nr Water Analysis. Table X — continued. 


Part* per Graini per Parti per Grains per Parts per Grains par Parts per Grain* par 
100,000. gallon. 100,000. gallon. 100,000. gallon. 100,000. gallon. 


213 

149-1 

228 

150-1 

214 

149-8 

224 

150-8 

215 

150-5 

225 

167-5 

21fl 

161-2 

226 

158-2 

217 

161 -e 

227 

158*9 

218 

162-0 

228 

169-0 

210 

163-8 

226 

100-8 

220 

154-0 

280 

101-0 

221 

1647 

281 

101-7 

222 

166-4 

282 

162-4 


288 

108-1 

243 


234 

103-8 

244 


285 

104-5 

245 

171-5 

280 

105-2 

240 

172-2 

287 

105-0 

247 

172-9 

288 

100-0 

248 

178-0 

286 

107-8 

249 

174-8 

240 

108-0 

260 

176-0 

241 

108-7 



242 

109-4 




CALCULATION OP THE RESULTS OP WATER AjTALySIS. 


Substance 

estimated. 

Quantity of Water taken. 

To get Grains per gallon. Logarithms. 

N aa HNOj(Onnn) 260 ao. 

NHj (copper jrinol 100 aa 
„ (aluminium) 60 aa 

•aa of NO at N.T.P. X 
1761-N 

grams of NHjX 676'78-N 
„ x 1161-46=N 

1- 248 2861 

2- 700 2200 
8-Ofll 2600 

0 absorbed 

260 o.o. +10 o.a EgMnaOg 



ti 

260 aa+16 aa KjMnaOg oWl^Z^V 


Total sol Ida 

260 ao. 

gram sx280 

2-447 1680 


* Or thus. Let t)-vol. of NO obtained from 260 ao. of the water. 

6—height of Bar. . . 

w—tension of aqueous vapour at the observed temperature (See 


IKUIO A. 

Then N In grains per gallon-ox x (t - m) x 140. 

For logs, of 7 -^g ^)for different values of * see Table n. 
Log. 140=2140 1280. 

t 8=ao. of Na^O* oorreapondlng to 10 ao. KjUnsOs- 
y?„ n required by the water under examination. 
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Thresh’s Solution op Staboh and Potassium Iodide. 

This solution is used by Dr Thresh in bis method for the 
determination of nitrites in potable waters.* 

It is made as follows :— 

Starch in powder .... 0*2 gram. 

Caustic potash . 1 j> 

Potassium iodide . 2 grams. 

Water 200 c.o. 

Add the starch to 10 c.c. of water, and when uniformly diffused 
add the caustic potash. Dissolve without the aid of heat and add 
the remainder of the water and the potassium iodide. Strain or 
filter. This solution keeps for months without appreciable change. 

A useful test may be carried out as follows i— 

Shake the sample of water vigorously in a bottle only partially 
filled, to saturate with air : pour 50 c.c. into a Neasier cylinder and 
add 1 c.c. of the above solution and then 1 c.c. of dilute sulphuric 
acid (1 voL acid to 3 vols. water). Stir. Ass umin g the temperature 
to be alxmt 60° F., if a dark blue tint develops instantaneously the 
water contains more than 0"1 part per 100,000 of nitrous nitrogen. 
If it becomes blue in a few BecondB it contains about 0"01 per 
100,000. If it requires more than ten seconds to develop it con¬ 
tains less than this amount. 


Example of the Determination op Nitrates by Orum’b Method. 

05 gram of a substance containing nitrate of soda treated by 
Crum’s method gave 13*6 c.c. of NO measured at 8° 0. and 737 mm. 
Bar. To find the percentages of nitrogen and of Bodium nitrate 
present. 

Bar. 737 mm. 

Tension of aqueous vapour at 8° C. = 8 mm. by Table L 

Pressure on the dry gas 729 mm. 


NO contains half its volume of nitrogen. 

Waght of nitrogen «=- ft.-«)x — f - + 

-6'8 x 729 x =- ' 0(ll25 °' 7 -. 

760 (1 +-00367x8) 

log. 6'8=0’83251 
„ 729 = 2 86273 
log. fraction—by Table II. = 8 - 20379 

3-89903 = 0-007926 gram 

Nitrogen in 0*5 gram 
■007826 x 200= 1 "59% nitrogen 
and by logs. 1-69 nitrogen=0-66% sodium nitrate. 

* Cfwmuxd Nam , 1S00, voL OS, p. 204, 
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Water and Swage Examthation ResuiiTS. 

(British Association Report, 1899.) 

The Oommittee appointed by the British Association to devise a 
uniform system of recording the results of the chemical and 
bacteriological examination of water and sewage reported as 
follows:— 

It is desirable that results of analysis should be expressed in 
parts per 100,000, except in the case of dissolved gases, when these 
should be stated as c.c. of gas at 0° O. and 760 mm. in 1 litre 
of water. This method of recording results is in accordance with 
that suggested by the Committee appointed in 1887 to confer with 
the Co mmi ttee of the American Association for the advancement 
of science, with a view to forming a uniform system of recording 
the results of water analysis. 

It is suggested that m the case of all nitrogen compounds the 
results be expressed as parts of nitrogen per 100,000, including the 
ammonia expelled on boiling with alkaline permanganate, which 
should be termed albuminoid nitrogen. The nitrogen will therefore 
be returned as; 

(1) Ammoniacal nitrogen from free and saline ammonia. 

(2) Nitrons nitrogen from nitrites. 

(3) Nitric nitrogen from nitrates. 

(4) Organic nitrogen (either by Kjeldahl or by combustion, but 
the process used should be stated). 

Albuminoid nitrogen. 

ie total nitrogen of all kinds wall be the sum of the first four 
determinations. 

The Committee are of opinion that the percentage of nitrogen 
oxidized—that is, the ratio of (2) and (3) to (1) mid (4)—giveB 
sometimes a useful measure ot the stage of purification of a 
particular Bample. The purification effected by a process will be 
measured by the amount of oxidized nitrogen as compared with the 
total amount of nitrogen existing in the orude sewage. 

In raw sewage and in effluents containing suspended matter, it 
is also desirable to determine how much of the organic nitrogen is 
present in the suspended matter. 

In sampling, the Committee suggest that the bottles should be 
filled nearly completely with the liquid, only a small air-bubble 
being allowed to remain in the neck of the bottle. The time at 
which a sample is drawn, as well as the time at which its analysis 
is begun, should be noted. An effluent should be drawn to 
correspond as nearly as possible with the original sewage, and both 
it and the sewage should be taken in quantities proportional to the 
rate of flow when that varies (e.g. in the emptying of a filter-bed). 

In order to avoid the multiplication of analyses, the attendant 
at a sewage works (or any other person who drawB the samples) 
might be provided with seta of twelve or twenty-four stoppered 
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Q uarter- Winch ester bottles, one of whioh should be filled every 
our or every two hours, and on the label of each bottl e the rate of 
flow at the time should be written. When the bottles reach the 
laboratory, quantities would be taken from each proportional to 
these rates of flow and mixed together, by which means a fair 
average sample for the twenty-four hours would be obtained. 

The Committee were unable to suggest a method of reporting 
bacterial results, including incubator tests, that would be likely to 
be acceptable to all workers. 

The Committee consisted of Profeasor W. Ramsay (chairman), Sir 
W. Crookes, Professors P. Clowes, P. F. Frank!and, and R. Boyce, 
and Dr Rideal (secretary). 


Standards for Sewage Effluents. 


Various standards of purity or limits of impurity of sewage 
effluents have from time to time been put forward. These, however, 
have been superseded by the recommendations given in the Fifth 
Report of the Royal Commission on Sewage Disposal.* In this the 
Commissioners report that:—“The experiments which we have 
already made show that the mere estimation of the amount of 
organic matter in an effluent does not, by itself, afford a sufficiently 
reliable index as to the effect which that effluent will have on any 
stream into which it may be discharged ” (par. 320). Further on we 
read : “According to our present knowledge, an effluent can best be 
judged by ascertaining, first, the amount of suspended matter which it 
contains, and, second, the rate at which the effluent, after the removal 
of the suspended solids, takes up oxygen from water.® 

The recommendations given are as follows :— 

“ For the guidance of local authorities, we may provisionally state 
that an effluent would generally he satisfactory if it complied with 
the following conditions:— 

(1) That it should not contain more than 3 parts per 100,000 of 
suspended matter; and 

(2) That, after being filtered through paper, it should not absorb 
more than 


(a) 0-5 part by weight per 100,000 of dissolved or atmospheric 
oxygen in 24 hours. 

(o) lO part by weight per 100,000 of dissolved or atmospheric 
oxygen in 48 hours ; or 

(e) l'fi part by weight per 100,000 of dissolved or atmospherio 
oxygen in 6 days ” 


Qd. 4278, Iiaued in 1008. 
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Table giving the Amounts of Dissolved Oxygen in Dibtillhd 
Watze at Various Tempehatuhes (Bar. 760 mm.).* 


Temperature 

“0. 

Oxygen 
(parte per 
100,000). 

Temperature 

• o . 

Oxygen 
(parte per 
100,000). 

Temperature 

•a 

Oxygen 
(parte per 
100,000). 

0 

1-42 

11 

1-09 

21 

0-88 

1 

1-39 

12 

1-07 

22 

0'87 

2 

1'88 

18 

1*04 

28 

0-86 

8 

1'82 

14 

1-02 

24 

0-84 

4 

1 '28 

15 

1-00 

25 

0'82 

6 

1-24 

10 

0*98 

20 

0-81 

6 

1-22 

17 

0-90 

27 

0-80 

7 

1‘19 

18 

0*94 

28 

0-80 

6 

1-17 

19 

0-92 

29 

0-79 

9 

114 

20 

0’90 

80 

078 

10 

1-11 






* Calculated from Hoacoe and Lunfa table 
temperatara* from B*-S0* 0. The values given 
tiona by Winkler's process. 


'Trans. Chem. See., 1888, 669) for 
for 0*-A* are baaed on determ In a- 
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TABLES POE BHHB ANALYSIS. 


Tables esquired in the Analysis op Bbeb. 

Spirit Indication, with corresponding Degrees qf Gravity 
lost in Malt Worts, by the u Distillation Process” 


Spirit Iu<U- -0 -1 * "9 "6 -7 *8 ■# 

cation. 


0 

o-o 

0-8 

0-6 

0*9 

1*2 

1-6 

1-8 

21 

2-4 

2*7 

1 

8-0 

8-8 

8-7 

41 

4*4 

4-8 

61 

6-6 

6*9 

6*2 

2 

fl '8 

7-0 

7-4 

7'8 

8-2 

8-6 

9 0 

9-4 

9-8 

10*2 

8 

10-7 

11-1 

11*5 

12*0 

12-4 

12-9 

18-8 

18-8 

14-2 

14*7 

4 

16-1 

16*6 

16-0 

16-4 

18-8 

17-8 

17-7 

18-2 

18*6 

191 

6 

19-6 

19'9 

20-4 

20-9 

21-3 

21-8 

22-2 

22-7 

281 

23-8 

6 

24-1 

24-8 

26-0 

26-6 

28*0 

26-4 

26-9 

27-4 

27*8 

28-8 

7 

28-8 

29‘2 

29-7 

80*2 

80*7 

81-2 

81-7 

82-2 

82*7 

88*2 

8 

88-7 

84 8 

84'8 

86*4 

86*9 

86-6 

87-0 

87-6 

88*0 

38-8 

e 

89-1 

89-7 

40*2 

40*7 

41-2 

41-7 

42-2 

42-7 

43-2 

48*7 

10 

44-2 

44*7 

461 

46*8 

46-0 

46-6 

47-0 

47-6 

48-0 

48-6 

11 

49-0 

49'6 1 60-1 

60*8 

61-2 

61-7 

62*2 

62-7 

63-8 

63-8 

12 

64-8 

64-9 

66*4 

66'9 

68-4 

66-9 

67-4 

67-9 

68*4 

69-9 

18 

69-4 

60-0 

60*6 

611 

61-6 

62-2 

62-7 

63-8 

68-8 

64-8 

14 

84-8 

86-4 

86*9 

88 6 

671 

67-6 

88-2 

68*7 

80-8 

09-9 

16 

70-6 

711 

71*7 

72 *8 

72*9 

78-6 

741 

74*7 

76-8 

76-9 


Spirit Indication, with corresponding Degrees qf Gravity 
lost in Malt Worts, by the “ Evaporation Process.” 


Degrees of 
Spirit Indi¬ 
cation. 

0 

•1 

■8 

•a 

•4 

■a 

■8 

•7 

•8 

■0 

0 


•8 

•7 

1-0 

1*4 

1*7 

2-1 

2-4 

2-8 

81 

1 

8 6 

3-8 

4-2 

4-6 

6-0 

6-4 

6-8 

0*2 

8-0 

7-0 

2 

7-4 

7-8 

8*2 

8-7 

9*1 

0-6 

9-9 

10-8 

10-7 

111 

8 

11-6 

11-9 

12-4 

12-8 

18-2 

18-0 

14-0 

14-4 

14*8 

16-8 

4 

16-8 

18-2 

18-0 

17-0 

17-4 

17-9 

18*4 

18-8 

19-8 

10-8 

6 

20-3 

20-7 

21-2 

21-6 

22-1 

22-6 

28-0 

23*4 

23-9 

24-8 

6 

24-8 

26-2 

26'8 

20-1 

26-8 

27 0 

27*6 

28-0 

28-6 

29-0 

7 

29-6 

30-0 

80*4 

80-9 

3 J -3 

81-8 

82-8 

82-8 

88-8 

83-8 

8 

84-8 

84-9 

86-6 

80-0 

36-0 

37*1 

37*7 

88-8 

88-8 

89-4 

9 

40-0 

40-6 

41-0 

41-6 

42-0 

42-6 

48-0 

48'6 

44-0 

44-4 

10 

44-9 

46-4 

40-0 

40-6 

471 

47*0 

48-2 

48*7 

49*3 

49-8 

11 

60-8 

60-9 

61-4 

61-9 

62-6 

68-0 

68-6 

64-0 

64-6 

66-0 

12 

66-6 

66-2 

68-7 

67-8 

67-8 

68-8 

68-9 

60-4 

69-9 

60-6 

19 

61-0 

61-8 

021 

62'7 

63-2 

83-8 

04-8 

04-9 

66-4 

68-0 

14 

16 

60-6 

72-0 

87-0 

67-8 

68-1 

68-7 

09-2 

09-8 

70-4 

70-9 

71-4 
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Tablb fob asobbt ainikq thh Valttb of THfl Aobtio Aon). 
Corresponding Degrees of 1 ‘ Spirit Indication i h 


Kroeai per oant 
of AeafloAdd 
In the Beer. 

*00 

■01 

•o 


■02 

•1 

■14 

■16 

•2 

■27 

■28 

•8 

•89 

•40 

•4 

■62 

•53 

•6 

■66 

*00 

•0 

•77 

•78 

*7 

•90 

■91 

'•8 

1-08 

1-04 

•e 

1-lfi 

1-16 

1-0 

1-29 

1*81 


■os 

•08 

■04 

■06 

•04 

•00 

■07 

■08 

■17 

•18 

•10 

■21 

■29 

•81 

■82 

■88 

*42 

•48 

•44 

•40 

*66 

•60 

•67 

•59 

•07 

■09 

•70 

■71 

•80 

•81 

■82 

‘84 

•98 

■94 

•95 

•97 

1-06 

1-07 

1-08 

1-00 

1*18 

1-lfl 

1-21 

1'22 

1-88 

1-85 

1-86 

1'87 


■06 

■07 -08 

•00 

■09 

•11 -12 

■18 

■22 

•28 -24 

•20 

•84 

•86 -87 

•88 

•47 

•48 -49 

■61 

•60 

•01 -62 

■04 

■72 

■78 -76 

•70 

•85 

•80 '87 

•89 

‘98 

•09 MO 

1-02 

M0 

I'll 1-18 

114 

1-28 

1-26 1 ‘20 

1-28 

1-88 

1-40 1-41 

1-42 


Tablb fob Salt in 'Baas. 

Salt in Grains per Gallon, corresponding to e.c. of Deeinormal AeNO*.* 
26 o.o. of Beer to be employed. 


To 4 *™* 

Gralna NaOl 
per gallon . 

ao .^ AgNO * 

Graina NaCl 
per gallon . 

c . o .? AgN 0 8 

Gralna Na 01 
per gallon . 

01 

1-04 

22 

80-04 

4-2 

08-80 

0-2 

8-28 

2-8 

87-67 

4‘8 

70-48 

0-8 

4-01 

2’4 

89-81 

4-4 

72-07 

0-4 

0-66 

2-6 

40-95 

4-6 

78-71 

0 5 

810 

2-6 

42-69 

4'0 

76-86 

0-0 

9-88 

2-7 

44-28 

4-7 

76-90 

0-7 

11-47 

28 

46-86 

4-8 

78-02 

0 8 

1810 

2*9 

47-60 

4-9 

80-20 

0'9 

14-74 

8-0 

4914 

6-0 

81-00 

1-0 

10-88 

81 

60-78 

61 

88-64 

11 

18-02 

8'2 

62-42 

6-2 

8618 

1-2 

19-60 

8-8 

54-06 

6-8 

86-81 

1-8 

21-29 

8-4 

66-69 

6-4 

88-46 

1-4 

22-98 

8-6 

67-88 

6-6 

00-09 

1*6 

24-57 

8’0 

68-97 

6-0 

91-78 

1-6 

26-21 

8-7 

00-01 

6-7 

98-87 

1-7 

27-86 

8-8 

62-24 

6-8 

96-00 

1-8 

29-48 

3 9 

08-88 

6’9 

90-04 

1-9 

8112 

4-0 

06-62 

0-0 

98-28 

2-0 

82-70 

41 

0710 

01 

99-92 

21 

84-40 





Note .—The above table li naafnl In giving the amount of NaCJl that may be present 
calculated from the combined chlorine found. To obtain the actual amount of jodium 
ohlorlde, the aodlnm preaent must also be determined, 

* 1 c.o.-0-0068fi gm. NaCl. 
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onmr^Afi gravity op brer. 

‘ ' “ l 

' ■Eiamplesof the deW^aioation of “ original gravity v of beer. 

I. By the Difltillatidir^rdcefls. 

Experimental data.:— y 

Sp. gr. of the spirit distillate at 60° F. . . 989-40 

‘ ' ’ ’ extract residue „ . . 1018 76 

Acidity (calculated as acetio add) . . 0‘15% 

Then 1000-989-40= .... 10 60 spirit indication 

016-0-10* = 0-05, which by Table 
(p. 99) shows.0*08 „ „ 

Total 10 - 68 „ „ 

By Table (p. 98) 10-68 spirit indication=47-0+(-8 x -6) 

■ = 47‘40 degrees of gravity lost 

Sp. gr. of extract residue *=1018-76 

1066-16 original gravity. 

Or, omit taking the extract gravity and take that of the beer 
itself, whence a theoretical extract gravity can be found as follows:— 
Experimental data:— 

Sp. gr. of the beer at 60° F.. . . . 1008-86 

„ „ Bpirit distillate . . . 989 40 

Acidity . . . ... . . 016% 

1008-36 
989-40 


18-08 

(leas) "20 (a constant +) 

18*78+ 1000 = 1018'76, the extract gravity deduced. 
Degrees of gravity lost 47 "40 

(found as above) - 

1066-16 original gravity. 


EL By the Evaporation Process. 
Experimental data :— 

Sp. gr. of the beer at 60° F. 

; , ., extract residue ,. 

Acidity (calculated as acetic add) 
Then 1019-66 -1009-70 . 


0’26--10=0-16, which by Tftble (p. 99) 
shows. 


:9 ; 85 

0-22 


1009-70 

1019-66 

0-26% 

spirit indication 


>j » 


Total 1Q-Q7 „ „ 

* Gr aham , Hofmann and Redwood oalonlated that the normal acidity of beer la 
O’lO per cent expressed as acetio acid. In the calculation above we have to take 
into consideration only the aaldlty in exoeu of the normal amount. 

f Rer>resenting the gain in denalty by oondenaation when the oonstituentB of beer 
are T r1 Tn ^ together; the gain in deniiby varies from 0*16 to 0*86, the average being 0*!. 



ORIGINAL GRAVITY 


By Table (p. 98) 10'07 spirit indicatil 
= 46-25 degrl 

sp. gr. of extract residue =1019-56 


9 4,i$RARY 

gravity lost 


1064-80 original /VQ a 

Note.— The above example! are taken from J. A. TTnl IlnlniTnTri i>i'nnf fjTfUrfflif r'"**' 

Blunt’s Mompioation op Taba.rir’s Formula. 

Tabarie’s formula for indirectly deter mining alcohol in beer and 
wine from the sp. gr. of the original sample and of tbe boiled 
sample made up to the volume taken at tbe same temperature is 

Q 

sp. gr. of alcohol boiled away =■ — 

S& 

where S«=sp. gr. of original liquid 

06= „ boiled „ or “ extract.” 

Blunt has shown* that a more correct result is obtained by using 
the formula 

sp. gr. of alcohol boiled away=1 - (S& - 8) 

=* 1 + S — S& 

This is fully confirmed by Hehner, who found “that in all cases 
the results obtained by subtraction are closer to those obtained 
by distillation than are those by Tabarie’s formula, and the results 
are better the greater the alcoholic strength.” t 


Sproifio Kotatory Power. 

The specific rotatory power of an optically active substance in 
solution may be defined as the rngle through which a plane 
polarized ray of light of definite refrangibility is rotated by a 
column one decimetre in length of a solution containing 1 gram of 
the substance in 1 ex. 

If the rotation is observed through a tube l decimetres in length, 
and the solution contains c grams of substances in 100 c.c., then, 
if a be the angle of rotation, the “specitio rotatory power” is given 
by the formula 

- , a. 100 

M = TT“ 

The ray used and the temperature of the liquid are generally 
added, thus [a]^ = 68-6° means that the specific rotatory power for 
ray D J at the temperature of 20° 0. is 66-6°. 

The specific rotatory power (or “specific rotation”) of liquid 
carbon compounds is given by the formula 



Where l is the length of the observation tube in decimetres, d is 
the sp. gr. of the liquid referred to water at 4° 0. as standard, in 
which case d expresses the weight in grams of 1 ox. 

* Analyst, 1881,16, p. 821. t Ibid-, P- 223. t Sodium flame. 
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In thin country observations are commonly made at a temperature 
of 60° F° but on the Continent 20° 0. is the “normal temperature ’’ 
of obse^ation With many substances, however, a difference of 

4-4° C. causes but little difference in the ratings. 

Molecular notation.- This terpa is applied to the product of the 
molecular weight (M) and specific rotation of a body divided by 
100, and is represented by the symbol [MJ. 

M” iixfW 

The divisor 100 is used simply to avoid the use of inconveniently 
We numbers, [it] expresses the rotation which would result if 
each o.a of the solution contained 1 gram-molecule of the active 
substance and the length of the liquid column were 1 mm 

MuUirotation.- Freshly prepared solutions of a number of the 
sugars show a rotatory power different from that of the same 
solution on standing, undergoing either an increase or decrease 
until finally a constant value is reached. This phenomenon is 
termed muUirotatxon or mutairotation. 

Originally the term bi-rotation was used, as the observation was 
made that a dextrose solution when freshly prepared gave about 
twice the reading of the same solution after standing. 

At the ordinary temperature a period of from six to twenty-four 
hours is usually required, but by boiling the transformation to the 
stable form is completed in a few minutes.* Dextrose^ lactose, and 
maltose show this behaviour, maltose giving with a freshly made 
solution a lower reading than that observed after standing for some 
hours. Sucrose does not show this effect. 

Observations are usually made with a polarimeter, such as 
Laurent’s half-shadow instrument^ for which homogeneous light, 
generally a Bodium flame, is required : or with a Soleil-Ventzke- 
Scheibler Colour Saccharimeter, which is adapted for use with 
white light illumination from oil or gas lamps; or with a modem 
Half-shadow Saccharimeter, t in which the field of view is divided 
into two surfaces, each of which alternately becomes perfectly dark 
as the analyser is rotated, the point sought, and at which the reading 
is taken, being that at which the two surfaces dhow exaotly the 
same degree of ill umina tion or partial shadow. White light is used. 

Specific rotatory power as determined by the (more or less 
obsolete) Soldi-Ventzke-Scheibler Colour Saccharimeter is indicated 
by [alj, where j is the transition Pint from the blue to the red), 
ana is the ray complementary to the medium yellow or jaune 
moyen —hence the j. This jaune moyen ray is the true medium 

* The same remit ]■ alio attained by adding a few drops of atrong ammoni a before 
making up the volume ot the solution. 

f In the lateit type of polarimeter, the optical field la divided Into 8 parts Instead 
of 2, as In the half-shadow instruments. Such instruments are more accurate, the 
equality of the field being osnable of a more delicate adjustment. These " have 
properly displaced the colourInstruments completely: the part of these In sacohari- 
metry lisa been played, and for good " (Dr. Bchonrook). 
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yellow of the solar spectrum; its wave-length is 0-0006608 milli¬ 
metres.* The Yentzke scale is such that 100 divisions 
amount of rotation caused by a “nornml sugar solution, 200 m 
in length, at 17-6° 0. Yentzke proposed a method of preparing this 
solution which was intended to render the use of a balance un¬ 
necessary. He defined the normal sugar solution as a solution of 
pure sugar in water which should have at 17'6° C. the sp. gr. of 
1-100 water at 17-6° being unity. To determine then the polarizing 
LTr’ d substances would simply be necessay to prepare a 
gofution of it having this density as shown by a hydrometer. Hut 
this method was soon abandoned, became the salts m the can^- 
sugars to be investigated have a density different from that of sugar 
itself, and hence cause erroneous results. As, however,the 
point of many saccharimeters had already been fixed by aad of the 
normal sugar solution of 1*1 sp gr and as it was desirable not to 
change the scale once introdnced, the concentration of the Yentzke 
n3 solution at 17'6° was then determined, and it was found that 
100 0 . 0 . of such a solution contained 26-048 grams of sugar. thus 
the normal weight should be 26*048 grams. _ , . 

The above remarks apply only to the original y ent ^® 
ments. Since 1900 the normal weight has been altered to 280 grams, 
and the normal sugar solution is prepared as follows 

26 grams of chemically pure dry sugar are dissolved m water at 
20° G. in a flask graduated to contain 100 true c.c. The solution is 
made up to the mark, well mixed, filtered if n ^e®ary, and 
a 200-mm. tube at 20° 0. The reading should be 100 scale-divisions, 
and each scale-division indicates 0-26 gram of sucrose. 


Factors fob the Conversion of [a.] D into 
|_ a]j and vice verea. 

To convert [a] D into [a\ multiply by 1*111 (log- 0-04671) or add 
one-ninth. 

To convert M, into [«]„. multiply by 0'9 (log. 1-98428) or mbtract 
L one-tenth. 

Thus if [bId = 202°, then [aj ~ 202 + 22-4 = 224-4°. 

[<4 = 67°, then [®L=“ 67 - 6'7-= 61 3 . 

[Landolt gives [a]j [a]o” 1*128 [a]i> 

^■ W 14 ' 0 ' 887 ^ 11 

In the Soleil-Yentzke-Scheibler Sacoharimeter 100 scale-divisions 
equal 88-43° for ray j, or 

1 scale-division=0-3843° oj (log. I-B8467). 

* The wave-length of D 1 b 580 
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[According to Dr Schflnrock* 

100° Ventzke=34-88° for D at 17-5°0. 
or 1° „ = 0-3468° „ „ 

The number 0‘3488 is called the factor of reduction. 

“ Landoit has actually found in the observation of a cane-sugar 
solution in a Schmidt and Haensch half-shadow saccharimeter ? with 
a gas lamp, that a rotation of 100° V. corresponds to the rotation of 
34-66° ±0-05° for sodium light. But if it is required accurately to 
measure the rotation of a sugar solution for sodium light, this must 
be done in a polarimeter actually illuminated by sodium light.” *] 
The values representing specific rotation vary directly as the sp. gr. 
divisor (D) used. Thus, if 160° be the specific rotation of maltose 
for [a]j j-gg (that is, on the basis of the 3-86 divisor) the specific 

160 x 393 

rotation where the divisor 3-93 is used will he —— =162-7°. 

OOD 

The number of grams per 100 o.c. of a solution of a carbohydrate 
of which the sp. gr, (water=1000) is known is found by dividing 
the sp. gr. minus 1000 by a constant given in the subjoined table. 
This constant is usually denoted by D. 


Tablh bhowinq tub Specific Rotatory Powers of tub Principal 
Carbohydrates in 10 Per Cent. Solution at 20° O. ( = 68° F.). 


Suhstanoe. 

Formula. 

Divisor 
to get 
grams 
per 

100 0 . 0 . t 

Specific) rotatory 
power (absolute.) 

Specific rotatory 
power reduced to 
the oommon divisor 
am 

Sucrose 

OiaHjaO]! 

D 

Md 

[a]j 

[a]D3-88 

[a]js« 

8-86 

+ 66-6° 

+ 78'8° 

+ 00-6° 

+ 74-0° 

Dextrose 
(d-Gl noose) 

(JjHjjjOg 

8-86 

+ 52-7° 

+ 68-6° 

+ 62-8° 

+ 68-7° 

Laevulo^e 

(d-Fruotoae) 

19 

8-86 

- 98'8° 

-104-2° 

- 94-0° 

-104-6° 

Invert Sugar 

OflHioUjo + 

8-86 

-20-66° 

- 22-8° 

- 20-6° 

- 22-0° 

Maltose 

OjjHmOii 

(OafLoGjM 

OjjHjnOjj- 

hTo 

8-93 

+ 188° 

+ 168-8° 

+ 186-6° 

+ 160-0' 

Dextrin 

8-96. 

+ 200* 

+ 22-2-2° 

+ 196-4° 

+ 217-1° 

Lactose 

8-71 

+ 62-6° 

+ 68-8° 


(cryat.) 

Lactose 

(anhyd.) 

8-91 

+ 66-8° 

+ 61-4° 

... 



Note .—At the meeting of the International Commission for unifying methods of 
sugar analysis, held In Paris In 1900, the normal temperature of +20° 0. whs adopted 
and all measuring vessels are required to be graduated in true c,a. at this temperature. 
* Iaudolfi Ovtioal Rotation if Organic Substation, Part IV. 
t For a complete series of oorreot divisors for various concentrations, tihe valuable 
paper* by Brown, Morris and Millar iu the Joum. Chan. Soo., 1897, should be con¬ 
sulted. According to J. Heron, the oommon divisor 8-8(1 gives total solid* oorreotly 
only In thoae cases where the sp. gr. of the solution lies between 1086 and 1040. For 
solutions containing more than 12 grams of solids per 100 ao. the divisor 8-86 gives 
oloser results. 
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The following values are given in Landoltfs work already 
referred to:— 


Substance. Formula. W® 

m grama per 100 o-O. L j d* 


Oane-angar 

Glucose 

OuHjaOjj 

OflHiaO;* 

10 

1-15 

+ 68°"6 
+ 52-8 

(Dextrose) 



Fructose 


10 

- 98 

(Laevulose) 
Invert Sugar 

0 B Hi«Og + OjH^Oj 

10 

- 20-1 

Maltose 

OjjjHjqOjj. HjO 

10 

+ 187-6 

Lactose 

1-80 

+ 62-6 

Galaotose 

0 B "i a 0, 

QiflHjgOig. 6H a O 

1-16 or 20 

+ 81 

Ratflnose 

10 

+ 104-6 


SOLBIL-VBNTZKE-SaHBIBLER SaOOHAEIMBTBR 
200 - mm . Tube ubbd : Transition Tint. 


, . „„„ Scale-divisions of deviation at 20° 0.1 

] gram In 100 a.O. _1 


of 

For absolute divlsora. 

For 8-80 divisor. 

Cane-sugar 

+ 8"84§ 

+ 8-85 

Dextrose 

+ 8-06 

+ 8 08 

Lnevulose 

- 6-42 

- 6-44 

Invert sugar . 

- 1-19 

- 1-18 

Maltose . 

+ 7-98 

+ 7-84 

Laotoae (oryst.) 

.. (anhyd.) . 

+ 8-08 
+ 3-20 

... 

Dextrin . 

+ 11-60 

+ 11-80 

Gallisin . 

... 

+ 4-86 




Multiplier. 
800-192 „ 
842-170 -1 068 

Logarithm. 

To convert QljHjjOu into 


0-02228 



842-170 nm8 
80O-192 -0 06 

T-97772 

OuHjqOjjj ,, 

OiqH^Otq 

seo-m 

824-10 1 111 

0-04677 


or add one' 
ninth 


824*16 

OjgHg^Ojj ,, O^HgjOu 80O"‘lfl2 = O ® T‘96428 

or deduot 
. one-tenth 

* When crystallised 0bHu> 0«. HgO. f When crystallised Oi^HaOu.KjO. 

t The number of scale-dlvfelonB are obtained by dividing the [alT in each oae e 
by 10-216 (log. 1-2830*), 

| When inverted this becomes - T21S. 
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BPHOIPIO BOTATOBY POWBB. 


The following examples show the methods employed in solving 
problems connected with this subject. 

Ex. I. To find a formula for calculating the amount of cane-sugar 
present in a mixture of cane-sugar and dextrose when the specific 
rotatory power (ray j) before and after inversion are known. 

Let Rfi be the specific rotatory power before inversion 
Ra be the specific rotatory power after inversion 
and let x be the percentage of cane-sugar present. 

Then 100-a is the percentage of dextrose present 


Hence 100 Rj= 73 '8a4-(100 - x) 58-0 
and 100 Rfl=-24'0a +(100-x) 58-0 
V 100 (R& - Ra) = 97'8s. 

Rft — Ra 
*“ -078 ' 


Similarly when we have given the scale-degrees (D) before and 
after inversion, the 200-nrm. tube being used— 

Grams of cane-sugar per 100 o.c. of solution *=> - 


Ex. IL Determination of cane-sugar in mixtures of cane- and 
invert-sugar only. 

The method now universally adopted is Herzfeld’s modification of 
CJlerget’s process.* It is carried out as follows :—Dissolve the normal 
weight (20-0481 grams) of the sample to be examined in water and 
make up to 100 o.c., decolorizing and filtering if necessary, and 
polarize at 20° 0. Transfer 50 no. of thiB solution to a 100- 
c.c. flask, add 6 ac. strong (38%) hydrochloric acid and about 
20 c.c. of water. Well Bhake tbe flask and immerse in a bath of 
water at the temperature of 70° 0., at the same time putting a 
thermometer in the flask: when the temperature of the sugar 
solution has reached 68° - 70° 0., which it should do in five minutes, 
the flask is kept in the water-bath at this temperature for five 
minutes longer, then taken out, cooled down quickly to the normal 
temperature, diluted with water to 100 c.c., polarized at 20° 0., and 
the reading multiplied by two on account of the dilution of the 
liquid, 

Herzfeld found that pure cane-sugar treated as above showed a 
change of rotation on a Boleil-Ventzke-Scheibler Saccharuneter of 
132-60 divisions at 20° 0. Hence— 


Cane-sugar % 


100 (direct—inverted reading)* 
132-00 


But, since the algebraical difference here becomes the sum of the 
two readings without regard to sign, and 100/132-00 = 0’7539 

Cane-sugar % =0-7639 x (sum of readings) 

[log. 0-7539=1-87729]. 

* This method Is only applicable when other angara, innllna, etarches, and 
glaooridea, whioh are aha inverted by aalda, are not present. When suoh bodies are 
present, hydrolysrli may be affected by the use of lnvertaae. f Now 28'0 grams. 
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If, instead of 20° 0., the readings before and after inversion are 
made at f° G., 


Cane-sugar % < 


100 (direct—inverted reading) 


142-60 - i 
2 


"Eke. III. Determination of dextrose and maltose from the cupric 
reducing power and optical activity (or “optioity”) of a solution 
before and after fermentation. 

As an example we may take a commercial “ Glucose,” which gave 
the following results :— 

Cupric reduction before fermentation 78"86 % 

„ after M 6-02 „ 

72-23 

Opticity before fermentation 49 98 [a]i>. 

„ after „ 11-24 „ 

38-74 


By fermentation dextrose and maltose are removed, and the 
differences between the cupric reductions and between the opticities 
before and after fermentation give measures of the amounts of the 
two sugars present. Hence, if D and M be the percentages of 
dextrose and maltose present respectively, we have (taking 62 as the 
K of maltose) :— 

02M + 1OO D = 7223 (i) 

138 M + 52-7 D = 3874 (ii) 


(i) x 138. 8656 M +13800 D = 900774 
(ii; X 62. 8566 M+ 3267 D = 240188 


10633 D = 
750686 


" 10533 

From(i) 02 M~ 7223-7183 
40 

M = 62 = 0 65. 

Result—Dextrose 71-83 % 
Maltose 0-05 „ 


750580 

71-83 

40. 
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POLAJUMBTBB. READINGS,—REDUCTION OF MINUTES TO DECIMALS 
OF A DEGHHB. 


oate ■ 

Decimal 

equiva¬ 

lent. 

Minn tea. 

Deolmal 

equiva¬ 

lent. 

Minute*. 

Decimal 

equiva¬ 

lent 

Minute*. 

Decimal 

equiva¬ 

lent. 

1 

■017 

10 

•207 

81 

■617 

40 

•707 

2 

•088 

17 

•288 

82 

•688 

47 

•788 

8 

■06 

18 

•8 

88 

•65 

48 

•8 

4 

•007 

10 

CO 

H-* 

84 

•667 

49 

•817 

6 

•088 

20 

■888 

85 

■583 

50 

•888 

6 

•1 

21 

•85 

80 

•0 

61 

■86 

7 

•117 

22 

■807 

87 

•017 

62 

•867 

8 

•188 

28 

•888 

88 

•083 

68 

■888 

0 

•16 

24 

•4 

89 

■06 

64 

•9 

10 

•107 

26 

■417 

40 

■007 

55 

•017 

11 

•188 

20 

•488 

41 

•683 

50 

■988 

12 

•2 

27 

■45 

42 

■7 

67 

•06 

13 

•217 

28 

■407 

48 

•717 

68 

■967 

14 

•288 

29 

•488 

44 

•788 

69 

•988 

16 

•26 

80 

•6 

45 

■75 
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POLAEIMETBB READINGS.— REDUCTION OP Ml NOTES TO 
op A Degbee. 
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0 UP RIO OxEDB REDUCING- POWERS OP THB Oa.RBOHTDRA.TBS. 

Definition. —“ Dextrose being the type of reducing bodiea and the 
substance for which the amount of cupric oxide reduced was first 
determined, I use it as the standard to which to refer all other 
reducing carbohydrates or mixtures of reducing with non-reducing 
ones. I take the cupric oxide reducing power (or ‘ cupric reducing 
power’) of a body or mixture to be the amount of cupric oxide, 
calculated as dextrose, which 100 parts reduce: it is designated by 
the letter K.”— (O'Sullivan). 

Briefly, we may define “ K * as the specific cupric reducing power 
of a substance referred to dextrose as standard (100). The divisor 
is often added; thus Ks-se =26 means that the cupric reducing 
power of the substance is one-fourth that of dextrose when the Bolia 
matter is determined by the 3'86 divisor. 

Preparation of FMing's Solution for Gravimetric Determinations .— 
Dissolve 34*64 grams of pure recrystallized copper sulphate in dis¬ 
tilled water and make up the volume to 600 c.c. Then dissolve 173 
grams Rochelle Balt ana 66 grams anhydrous sodium hydroxide in 
separate beakers, mix the solutions, and make up the volume with 
distilled water to 600 c.o. These two solutions are kept in separate 
bottles and are mixed in equal volumes, to form Folding's solution, 
immediately before use. 

Method of making a determination of cupric reducing power .—Fifty 
c. 0 . of the freshly mixed Fehling’s solution are placed in a beaker of 
about 260 c.c. capacity, and having a diameter of 7*6 cm. (»=3 inches). 
This is placed in a boiling water-bath, and when the solution has 
attained the temperature of the water, the accurately weighed or 
measured volume of the sugar solution is added, and the whole 
made up to 100 c.c. with boiling distilled water. The beaker, 
which is covered with a clock glass, is then returned to the water- 
bath and the heating continued for exactly twelve minutes. The 
precipitated cuprous oxide is now rapidly filtered off through a 
Soxhlet tube, washed first with hot water, then with alcohol and 
ether, and finally dried. When dry, the cuprous oxide is reduced to 
metallic copper by gently heating in a stream of hydrogen^ and 
weighed j or it may be oxidized in a stream of oxygen and weighed 
as OuO. Sometimes the OmO is weighed as such, after being dried 
in a water oven (see O’Sullivan and Stem, Jour. Ohem. Soc,, 1896, 
p. 1692). 

As spontaneous reduction of Fehling’B solution invariably takes 
place, the amount of this must be carefully determined for every 
fresh batch of the solution and allowed for in each determination 
of cupric reducing power. It usually amounts to 0*002 to 0*003 
gram CuO per 60 c.c. of Fehling’s solution used. 

It is of great importance, in making the above determination, that 
an amount of the reducing sugar is taken that wiU give a weight of 
OuO lying between 0*16 and 0*36 gram. 


no 


DHTHBMINATION OF OUPBIO REDUCING POWER. 


It must be carefully borne in mind that the values given in the 
following tables are correct only when the preparation of the 
Jfeming’s solution, and the mann er of carrying out the determina¬ 
tion of cupric reducing power conform exactly with the directions 
given on p. 100. It Has been shown that the amount and nature 
of the alkali m Fe hling ’s solution exercises a great influence on the 
quantity of copper reduced by a given weight of maltose or of the 
starch-transformation products; but with dextrose and laevulose 
the influence is far lees. Glen dinning has proved that an equiv¬ 
alent amount of potassium hydroxide may be substituted for the 
sodium compound without causing any alteration in the reducing 
power. In the case of dextrose and laevulose the variant whioh 
has the greatest influence is the state of dilution of the Fehling’s 
solution When the dilution is greater than that prescribed in lie 
standard method, the reducing power is appreciably lower, and the 
greater the dirQtion the greater tne difference. 

The weights of the principal kinds of sugar whioh, it is generally 
asramed, will reduce 10 c.c. of Fehling’s solution are as follows 

10 o.o, Fehling’s solution 

= 0-0500 gram of dextrose, laevulose or invert sugar. 

—0'0476 „ „ sucrose (after inversion) 

=>0-0678 „ „ lactose 

•=0-0807 „ „ maltose 


Rules to find the values of « K” when referred to different divisors. 

When the true divisor is used to determine grams of sugar per 
KM) o.o., the K so obtained is called absolute. Frequently, however 
Ks-sa that is, the relative cupric reducing power when tie divisor 
3-86 is used to get grams of sugar per 100 o.a—-is required. Thus, 
1-367 grams OuO= 1 gram of absolute maltose, then for 1 cram of 
3‘80 maltose we should have 

x |||= i -343 gram °u°. 

Let the true divisor to get grams per 100 o.c. be M, then 

K absolute = f^ 8 " 80 x jjf. 

3-86 

Fehling’s solution may not give correct results after keeping (sav 
a few months), even when the tartrate component solution remains 
perfectly dear and apparently undecomposed. Decidedly low 
results have been obtained by the use of such a solution. 

For gallisin Ka 38 = 42. 

1 gram-1-01 gram OuO (approximately). 
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ALCOHOL TABLH. 


Alcohol Table. 


8 Vi,“ 

Par cant Per cent. Per cent 
of Alcohol of Alcohol wider 
by weight, by volume. Proof. 

_ Per cent. Par cent. Per cent. 

s P^ff r * “ of Aieohoi of Aloohol under 
by weight, by volume. Proof. 

1-0000 

o-oo 

o-oo 

100-00 

•9776 

16-25 

18-78 

07-10 

-0906 

0-20 

0-88 

09-42 

■9770 

15-07 

19-28 

00-20 

■0990 

063 

0-00 

98-84 

■9706 

10-08 

19-78 

05-84 

•0986 

0-79 

0-99 

08-20 

■9700 

16-40 

20-24 

04-58 

■9980 

1-06 

134 

97 00 

•9766 

16-85 

20-71 

08-72 

•9976 

1-37 

1-78 

90-97 

■9760 

17-25 

21-19 

02-87 

•0970 

1-69 

2-12 

90 *29 

•9746 

17-07 

21-09 

62-00 

-9986 

2 00 

2-61 

95-00 

•9740 

18-08 

22-18 

01-18 

•9000 

2-28 

2-80 

06-00 

•9786 

18-40 

22-04 

00-32 

■0966 

2-66 

8-21 

94-40 

■0730 

18-85 

28-10 

50-62 

•0960 

2-83 

3-66 

03-78 

•9726 

19-26 

23-58 

68-07 

■9946 

8-12 

8-90 

03-10 

•0720 

19-07 

24-08 

67-80 

•9940 

8-41 

4-27 

92-60 

■0716 

20-08 

24-68 

66-93 

■9986 

8-71 

4-03 

91-87 

■9710 

20-50 

25-07 

60-00 

•9980 

4-00 

6-00 

91-23 

•9706 

20-02 

26-67 

66-20 

-9926 

4-31 

6-89 

00-66 

■9700 

21-81 

20-04 

64-87 

•9920 

4 02 

6-78 

89-87 

-9695 

21-09 

20-49 

58-57 

•9916 

4-04 

0-17 

80-20 

■9600 

22*08 

20-05 

62 77 

•9910 

6 25 

0-66 

88-60 

•9686 

22-40 

27-40 

61-98 

•0906 

6-60 

0-04 

87-84 

■9680 

22-86 

27-86 

51-18 

•9900 

6-87 

7-32 

87-10 

■0076 

28-23 

28-81 

60-88 

•9896 

0-21 

774 

88-43 

■0670 

28-02 

28-77 

49-00 

-9890 

6 57 

8-18 

86-06 

•9005 

24-00 

29-22 

48-80 

■9886 

0-98 

8-08 

84-88 

■9060 

24-38 

29-07 

48-00 

■9880 

7-27 

0 04 

84-16 

■9055 

24-77 

80-13 

47-20 

■9876 

7-00 

9-46 

88-48 

■9060 

26-14 

30-67 

40-44 

•0870 

7-93 

9-80 

82-70 

■9046 

26-60 

80-98 

45 70 

■9806 

8"29 

10 30 

81-00 

■9040 

25-86 

81 -40 

44-97 

■0800 

8-04 

10-73 

81-20 

•9685 

28-20 

81 -80 

44-27 

•0866 

0-00 

11-17 

80-42 

•9630 

20-53 

8219 

43-00 

•0860 

9-86 

11-01 

79-06 

■0025 

26-87 

82-68 

42-90 

•9846 

9-71 

12-06 

78-90 

■0020 

27-21 

82-98 

42-20 

■9840 

10-08 

12-49 

78-10 

■9015 

27-57 

88-89 

41-47 

■0836 

10-40 

12-00 

77-80 

■9010 

27-98 

88-81 

4074 

•9830 

10-86 

18-48 

70-40 

•9605 

28-25 

84-18 

4010 

•9826 

11-28 

18-00 

76-04 

•0600 

28-50 

34-54 

89-47 

•9820 

11-82 

14-37 

74-82 

•9596 

28-87 

84-90 

38-84 

•9816 

12-00 

14-84 

74-00 

•9590 

29-20 

85-28 

88-18 

•9810 

12-88 

16-80 

78-18 

•9685 

29-58 

85-66 

87-50 

■9806 

12-77 

16-77 

72-30 

•9680 

29-87 

80-04 

80-88 

■9800 

13-16 

10-24 

71-64 

■9575 

8017 

80-89 

86-28 

■9796 

18-64 

10-70 

7078 

■9570 

30-44 

80-70 

85-68 

■9790 

13-92 

17-17 

09-90 

•9505 

80-72 

87-02 

85-18 

■9786 

14-38 

17-70 

08-97 

■9500 

81-00 

87-34 

84-57 

•9780 

i 

14-82 

18-26 

68-00 

•0655 

81-31 

87-09 

83-06 
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Alcohol Table— continued. 


Sp. gr. 
at 00* F. 

Per cent. Per cent 
of Alcohol of Alcohol 
by weight by rolame. 

Per cent 
under 
Proof. 

Sp. gr. 
fit 60* F. 

Per cent Per cent 
of Alcohol of Alcohol 
by weight, by volume. 

*9660 . 

81-02 

88'04 

88-32 

■9325 

48-48 

61-07 

*9645 

81-04 

88-40 

82-70 

•9320 

43-71 

51 -82 

"9640 

82-26 

88-75 

82-08 

•9316 

43-96 

51 *68 

*9585 

82-66 

8911 

81-40 

•0310 

44-18 

51 "H2 

"0680 

32-87 

89-47 

30-84 

•9805 

44-41 

52-Ofl 

*0526 

83-18 

89-81 

30-24 

■9300 

44-04 

59,-9p 

*0620 

88-47 

40-14 

29-06 

■9295 

44-88 

59 -53 

*0616 

83-76 

40-47 

20-08 

•9290 

45-09 

52-77 

*0610 

84-06 

4079 

28-62 

■9285 

46 32 

63-01 

*9506 

84-29 

41-05 

28-00 

•9280 

46-56 

68-94 

■0500 

84-62 

41-32 

27-00 

■9276 

46-77 

58 ‘48 

*0496 

8470 

41-58 

27-13 

•9270 

4-0-00 

58 72 

■0490 

86-00 

41-84 

20-07 

•9285 

40-23 

68-96 

•0486 

86*26 

42-12 

28-20 

•9200 

48-46 

64-19 

•0480 

86-60 

42-40 

26 70 

•9255 

40-68 

64-43 

■9476 

86-75 

42-07 

25-22 

•9260 

40-91 

64-00 

•0470 

80-00 

42-95 

24-74 

•0246 

47-14 

64-00 

*0466 

80-28 

43-20 

24-20 

•9240 

47-30 

66 13 

•9400 

86-50 

43-60 

28-00 

*8235 

47-59 

65-87 

■0466 

30-83 

43 -87 

28-12 

•9230 

47-82 

66-00 

■0450 

3711 

44-18 

22-58 

•9225 

48-05 

65-83 

■0446 

87-30 

44-49 

22-04 

•9220 

48-27 

60-07 

■9440 

37-67 

4470 

21-50 

•9215 

48 60 

60-30 

•0485 

87-94 

46-10 

20-90 

•9210 

48-78 

50-64 

•9480 

88-22 

45-41 

20-43 

•9206 

48-96 

50 77 

■0426 

88-60 

4671 

19-89 

■9200 

49-16 

50-98 

•9420 

88-78 

40-02 

19-36 

■9198 

49-24 

67-00 

•9416 

89-06 

40-32 

18-83 

■9195 

49-39 

57-20 

•9410 

89-30 

40-59 

18-36 

■9190 

49-64 

67-46 

•9406 

89-66 

40-80 

17-88 

■9186 

49-88 

57-09 

•0400 

89-80 

47-18 

17-40 

■9180 

50-09 

67-92 

•0396 

40-05 

47-40 

16-93 

■0176 

50-80 

58-14 

■9390 

40-80 

47-07 

10-46 

■9170 

50-62 

58-80 

•9386 

40-65 

47-94 

15-98 

■9165 

6074 

68-58 

•9380 

40-80 

48-21 

15-50 

■9160 

50-96 

68-80 

•9376 

41-05 

48-48 

16-04 

■0155 

51-17 

69-01 

•9370 

41-80 

48-76 

14-57 

■0150 

51-88 

59-22 

•9866 

41-65 

49-02 

14-10 

■9145 

51-68 

59-48 

•9300 

41-80 

40-29 

18-68 

•9140 

5179 

69-03 

■9865 

42-05 

40-55 

18-10 

■9135 

52-00 

69-84 

•9860 

42*29 

49-81 

12 70 

■9130 

52-28 

00 07 

•9846 

42-62 

60-00 

12-27 

■9125 

52-45 

00-30 

•9840 

42-76 

60-81 

11-82 

■9120 

62-68 

00-62 

•9836 

48-00 

60-67 

11-88 

•9115 

62-91 

0074 

•9380 

48-24 

60-82 

10-04 

•9110 

58-13 

00-97 


Per cent 
under 
Proof. 


10-60 

10-06 

fi-60 

0-20 

8-77 

880 

7-94 

7-52 

7- 10 
0-70 
6*27 
6-80 
6-46 
6-08 
4-62 
4-20 

8- 80 
8-38 
2-97 
2-60 
2-16 
1-74 
1-88 
0-02 
0-60 
0-14 

Proof 

0-26 

0-08 

1*10 

1-61 

1- 89 

2- 28 
2-00 
8-05 
8-41 
8-78 
4-14 
4-60 
4*87 
6-27 
6-67 
6-07 
0*47 
6-80 
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alcohol table. 


Alcohol Table— continued . 


Afi. 

Par cent Per oent, 
of Aloohol of Aloe hoi 
hy weight. by volume. 

Per cent, 
over 
Proof. 

B^eo^p. 

Per cent. Per cent, 
of Alcohol of Alcohol 
by weight, by volume. 

•9106 

58-86 

61-19 

7-28 


08-20 

70-77 

•0100 

58-67 

61-40 

7-61 

■8876 

68-48 

70-97 

•0096 

53-78 

61-02 

7'99 


■*S£1 

71-17 

•9000 

54-00 

01-84 

8-86 

■8865 

08-91 

71*88 

•9086 

54-24 

02-07 

8-78 


0418 

71-68 

■9080 

64-48 

02-81 

■£11 

■8856 

64-86 

71-78 

■9076 

64-71 

62-65 

9-62 


04-57 

71-98 

■9070 

54-05 

02-79 

E3 1 

■8846 

64-78 

72-18 

•9005 

66 T 8 

08-02 



wmm 

72-88 

•9000 

66-41 

08-24 


-8885 

06-21 

72-68 

•9066 

56-64 

68-46 

11-24 


05-42 

72-77 

•9060 

66-80 

68-69 

11-64 

Ej - 

06-08 

72-90 

•9045 

60-00 

68-91 

12-08 


06 88 

78-15 

•0040 

60-82 

64-14 

12-41 

■8816 


78-84 

•0086 

60-56 

04-86 


■8810 

60-20 

78-64 

•0080 

60-77 

84-58 

18*18 

■8806 

60-48 

78-78 

■9026 

67-00 

84-80 


•8800 

66-70 

78-98 

•9020 

67-22 

06-01 

18-92 

■8796 

06-01 

74-18 

•9016 

67-42 

65-21 

14*27 

■8790 

07-18 

74-88 

■9010 

67-08 

06-41 

14-62 

■8785 

67-88 

74-62 

•9005 

67-88 

05-61 

14-97 

■8780 

67-64 


•9000 

68-06 

06-81 

15-88 

KrQj 


74-89 

•8996 

68-27 

00-08 

15-72 

■8770 

67-96 


•8090 

68-60 

06-25 

18 11 

■8766 

08-17 

75-27 

•8086 

68-78 

60-47 

10-49 

■feniU 

08-88 

76-46 

•8080 

68-95 

00-09 

10-88 

■8766 

68-58 

75-64 

•8076 

69-17 

60-90 



68-79 

76-88 

•8970 

69-89 

07-11 

17-01 

•8745 

09-00 

■£11 [■ 

■8005 

69-01 

07-82 

17-98 

•8740 

09-21 

HraiijS 

■8000 

69-88 

07-58 

18-84 

■8785 

69-42 

70-89 

•8955 

00-04 

67-78 


•8780 

09-68 

76-57 

•8960 

00-20 

67-98 

19-05 


Mi HBSil 

70-70 

-8945 

00-40 

68-18 

19-89 

•8720 

70-04 

70-94 

•8940 

00-67 

68-33 

10-74 

•8716 

70-24 

77-12 

•8985 

00-88 

68-52 

■wEtlil 

Mrrr 1 

■ligtl 

77-29 

•8980 

01-08 

0872 

20-42 

•8706 

70-04 

77-40 

•8925 

01-29 

08-91 

20-77 

■8700 

70-84 

77-04 

■8920 

0 ] -50 

69-11 


•8605 

71-04 

77-82 

■8915 

61-71 

09-80 


■8690 

71-26 


•8010 

61-92 

09-50 


■8085 

■££11 

7818 

•8905 

02-14 

09-71 


■8080 

71-67 

78-80 

•8900 

62-80 

69-92 

22-68 

■8075 

71-88 

78-56 

•8895 

02-69 

70-14 


■8670 

72-09 

78-78 

•8890 

02-82 

70-85 

28-29 

■8005 

72-80 

78-98 

•8885 

08*04 

70-57 

28-00 

■8600 

72-52 

79-12 


Per cent. 
ocar 
Proof. 


24-02 

24-87 

24-78 

26-00 

26-44 

26 - 70 
20-16 
20-60 
20-86 

27 - 19 

27-62 

27 - 86 

28 - 19 

28-62 

28 - 87 
20-22 
20-67 

29 - 92 

80-20 

80-69 

80 - 92 

81 - 26 

81-68 

81 - 90 

82 - 28 

82-66 

82-80 
88 21 
88-54 
88-80 
84-19 
84-61 
84‘84 

86-14 

86-46 

86 - 70 
80-07 
80-87 
80-00 

87 - 01 

87-88 
87-05 

87 - 08 

88 - 82 

88-65 
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Alcohol Table— continued . 


Per cent Per cent Per cent _ Per oent Per cent. Per oent 

np™ of Aloohol of Alcohol ow ofAlonhol of Alcohol over 

■ by weight by volume. Proof. “ wr '■ by weight by volume. Proof. 
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alcohol table. 


Alcohol Table —continued. 


Per cent. Per oent. 
Sp.gr. of Alcohol of Alcohol 
At 80* P. by weight by volume. 


Par cent. 
over 


Proof. 


&Fi. 


Per oent. Per cent. Per cent 
of Alcohol of Alcohol over 
by freight, by volume. Proof. 


•8206 

90-82 

98-87 

04-51 

•8200 

91-00 

94-00 

04-74 

-8196 

91-18 

94-18 

04-90 

•8100 

91-30 

94-20 

85-18 

•8185 

91-64 

94-88 

06-40 

■8180 

9171 

94-61 

05-02 

■8176 

91-89 

94-04 

85-86 

•8170 

92-07 

94-70 

08-07 

■8105 

9220 

94-90 

68-30 

■8100 

92-44 

96-03 

68-58 

■8165 

92-08 

96-10 

88-78 

•8160 

92-81 

96*29 

87-00 

•8146 

93 00 

96-42 

87-23 

•8140 

93-18 

95-66 

67-46 

■8186 

93-87 

96 09 

67-70 

•8180 

98-66 

95-82 

07-92 

•8126 

93-74 

95-96 

68-16 

•8120 

93*92 

90-08 

68-88 

■8115 

94-10 

90-20 

88-60 

■8110 

9428 

90-82 

08-80 

•8106 

94-46 

90-48 

69-00 

•8100 

94-02 

90-66 

69-20 

■8095 

94-80 

90-07 

09-40 

•8090 

94-97 

90-78 

09-61 

•8086 

96-14 

90-90 

69-82 

•8080 

95-32 

97-02 

70-03 

•8075 

96 60 

97-15 

70-26 

•8070 

96-08 

97-27 

7O'40 


8005 

95-80 

97-89 

70-67 

■8000 

90-03 

07-61 

70-88 

8055 

98-20 

07-82 

71-07 

■8050 

98-37 

97 73 

71-28 

■8045 

00-63 

97-88 

71-45 

■8040 

96-70 

07-04 

71-64 

■8085 

98-87 

08-05 

71-88 

•8030 

97-03 

98-10 

72-02 

■8025 

07-20 

08-27 

72-20 

■8020 

97-87 

08-87 

72-40 

■8015 

97-68 

08-48 

72-68 

■8010 

97-70 

98-59 

72-77 

■8005 

07-87 

98-00 

72-06 

•8000 

08-03 

98-80 

78-14 

■7996 

98-10 

98-80 

73-80 

■7990 

08-34 

08-98 

73-47 

■7085 

98-50 

90 07 

78-04 

•7980 

08-00 

99-10 

73-81 

■7975 

08-81 

99-20 

73-07 

■7070 

98-97 

00-86 

74-14 

•7906 

90-18 

90-46 

74-81 

•7900 

99-29 

99'66 

74-60 

■7956 

99-45 

09-65 

74-66 

■7050 

99-01 

99-76 

74-83 

■7945 

90-78 

99-80 

76-01 

•7940 

99-94 

90-98 

76-18 


Absolute 

Aloohol 


•7088 

100-00 

100-00 

76-26 


In “The Sale of Food and Drugs Aot Amendment Aot, 1879,” flection 
8, it ia enacted that Brandy, Whisky, or Rnm may be reduced to 26° 
U.P. and Gin to 86° U.P. 

25° U.P. = 0'9478 ap. gr., 42-78 per oent alcohol by volume, 85*85 
per cent, alcohol by weight 

86° U.P. =0-9684 ap. gr., 87'08 per oent alcohol by volume, 80-78 
per cent, alcohol by weight. 

"Rectified Bpirit” (B.P. 1898) is alcohol of sp. gr. 0-8840. It 
con tains 90 per cent of alcohol by volume, 85-06 per cent, of aloohol 
by weight; 67'7° O.P. 

“ Proof Spirit” ia defined by Btatute (68 Geo. III. o. 28) aa “that 
which at a temperature of 61° F. weighfl exactly twelve-thirteenths of 
an equal meaanre of distilled water. 1 The ap. gr. of proof spirit at 
61° F. is 0-92308 (water at 61° F.=l). At 00° F./0O 0 F. its sp. gr. 
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ia 0*91084, and it contains 67*08 per cent, of alcohol by volnme, 49*24 
per cent, by weight. 


By the “ obsecration ” of. spirits is meant the difference between the 
apparent alcoholic strength, as shown by the hydrometer, and the true 
strength found after distillation. 

Simple rules for finding the percentages of added wator In the 
cose of diluted spirits. 

L Brandy, Whisky, or Rom (26° U. P. allowed). 

Let a sample De N° U. P. 

Therefore in 100 volumes we have N volumes of water, and 
(100 - N) volumes of proof-spirit. 

Let <E be the percentage of water by volume added to spirit 
of 26° U. P. to produce a sample N* U. P. Then equating 
amounts of water we have— 




+ <B — N. 


26-5+b-N. 

—25. 

4(N-25) 

8 * 


Henoe we have the'following rule :— 

To get percentage of added water by volume in the case of 
diluted brandy, whisky, or rum, increase the excess of degrees 
U. P. above 25 by one-third, 

11. Gin (36° U. P. allowed). 

Reasoning exactly as in I., we have— 

85 

( 100 —+ 

7 

85-2o fl5 i + Bi“N' 1 . 

13 «• 

jj^-Ni-85. 

20 

^-^-85). 

05!-1*54(1^-36). 

Hence the rule :— 

To get percentage of added water by volume in diluted gin, 
multiply the excess of degrees U. P above 35 by 1*54. 

*** The above rule* I owe to Mr E. W. T. Jones. wbo discovered them empirically and 
used them (Imply for checking remit* obtained by the usual method of ealculntion 
from the percentage at alcohol preaent. The proofs I have given above established the 
accuracy of Bale I., and gave the correct fact r I'M in Bole IT. In pbice erf the 1} 
previously used for checking.— A. S. J. 
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ALCOHOL (oOBKBOTIOire, ETC.). 

Oobrbotion o? Specific Gravity of Dilute Alcohol fob 
Temp ura t ttrw. 


Specific Gravity. 

T Fah. 

1*0. 

*794--804 

0-00048 

0-00088 

■884--889 

45 

81 

•889--902 

44 

79 

■902--912 

43 

77 

•912--921 

42 

76 

•921--928 

41 

74 

■028--085 

• 40 

72 

•086--94O 

89 

70 

•04O--048 

33 

68 

•948--946 

87 

07 

•040-*919 

86 

65 

•049--961 

85 

08 

-961--058 

84 

01 

•968--955 

88 

59 

■055--967 

82 

58 

*057-"960 

81 

56 

•969—-901 

80 

54 

•001—-002 

29 

62 

-982--008 

28 

60 

•008--906 

27 

40 


Specific Gravity. 

1 * Fah. 

ra 

•965- -906 

0*00026 

0-00047 

•980- -007 

25 

45 

■907- -968 

24 

48 

•068- -969 

28 

41 

■989- -970 

22 

40 

■970- -971 

21 

88 

■071- -978 

20 

86 

■973- -974 

10 

84 

■974- -976 

. 18 

82 

•975- -978 

17 

81 

•976- *977 

16 

29 

■077- ‘078 

16 

27 

■978- -980 

14 

26 

■080- -081 

18 

28 

•981- -988 

12 

22 

■988- -985 

11 

20 

■985- -987 

10 

18 

•987- -990 

*00009 

16 

•000- ’906 

8 

14 

•906-1-GOO 

7 

18 


Buie .—To obtain correct sp. gr. at 60° Fah. ( —16"6° 0.), multiply 
the factor given in the table opposite to the observed Bp. gr. by the 
difference in temperature, and add if the recorded temperature is above 
60° F., or subtract if it is below 60°. 

Ed .—The sp. gr. at 60° Fah. of dilute oloohol of sp. gr. O"062 at 
04° Fah. is 0-952+ (0-00034 x 4)-0-95886. 

Vabiottb Methods of stating Alcoholic Strengths. 

Based on Sqnibb’s absolute alcohol of sp. gr. 0'7985, 

Proof spirit containing 49 -2 7 of this alcohol, and having a 
Bp. gr. of 0-9198, 

and using 0 , 0 . to indicate the volume of 1 gram of water at 60° F., we 
have the formulae given below. 

Let S—sp. gr. at 00760° F. 

°/o—grams of absolute alcohol per 100 grams. 
v/v — 0 . 0 . absolute alcohol per 100 c.c. 
to/u—grams of absolute alcohol per 100 0,0. 

P—O.C. proof spirit per 100 0 . 0 . 

then 

e 1 _v/vx *7985_«/«_Px -4525 

' g ™ g ™ g 

v/v-°/ 0 x 1-202 S — 1 -202 w/v —0-5708 P 
u/t>— 7 „ x S — "7985 v/v —0-4526 P 

P-7 x 2-21 S -1-768 v/v -2-21 w/v 
grains per fluid ounce— w/v x 4 *8750. 
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Alcohol Oaloxtlatiohb. 

Ex. 1. To find the quantity of water whioh must be added to 
spirit of 25° O.P. to reduce it to 20° U.P.— 

100 volumes of spirit at 25° O.P. contain as much alcohol as 
126 volumes of proof spirit. 

100 volumes of spirit at 20° U.P. contain as much alcohol as 
80 volumes of proof spirit 

Hence, 126 volumes of proof spirit are equivalent to 100 volumes 
of spirit of 25° O.P. 

100 

1 volume of proof spirit is equivalent to —- volumes of 

120 

spirit of 26° O.P. 

80 volumes of proof spirit are equivalent to ———64 
volumes of spirit of 26° O.P.; 

that is, 100 volumes of spirit of 20° U.P. can he made by diluting 
64 volumes of spirit of 26° O.P. with water. 

Suppose, for example, 10 gallons at 20° U.P. are required, we 
take 6-4 gallons at 26° O.P., or 6 gallons 1 quart l£ pints, and 
dilute with water to 10 gallons. 

Ex. 2. To find the quantity' of water which must he added to 
spirit of 60° O.P. to reduce it to 30° O.P. 

100 volumes of spirit at 601 O.P. are equival&nt to 160 volumes 
of proof Bpixit 

100 volumes oi spirit at 30° O.P. are equivalent to 130 volumes 
of proof Bpirit. 

Hence 160 volumes of proof spirit are equivalent to 100 volumes 
of spirit of 60° O.P.— 

A 100 
1 volume of proof spirit is equivalent to — volumes of 

spirit of 60° O.P. 

130 volumes of proof spirit are equivalent to — 1QQ = 

8 l£ volumes of spirit of 60° O.P.; 

that is, 100 volumes of spirit of 30° O.P. can be made by diluting 
8 l£ volumes of spirit of 60° O.P. with water. 

Thus if 20 gallons are required we must take 16± gallons of the 
strong spirit and dilute with water to 20 gallons. 
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PHOSPHATE TABLE. 


Table showing the Amounts to bb subtracted prom the Yalubs 
giyrn in the Phosphate Table so that they may be in 

ACCORDANCE WITH THE INTERNATIONAL ATOMIC WEIGHTS 
OP 1012. 


MK1P207 

C&jPgOs 

OflPgOg 

PsOfi 

Pa 

10-0 

0-03 

0-02 

0-02 


15-0 

0'06 

0-08 

0-08 

0-008 

20-0 

0-07 

0-06 

0-08 

o-ou 

2 B -0 

0-08 

0-08 

0-04 

0-018 

80-0 

0-09 

0-07 

0-06 

0-018 

86-0 

Oil 

0-08 

0-08 

0-010 

40-0 

0-13 

0-00 

0-07 

0-021 

46-0 

0-15 

o-io 

0-07 

0-026 

60-0 

0 -lfl 

0-12 

0’08 

0-027 

66-0 ' 

0-18 

0-18 

0-00 

0-020 

60-0 

0-10 

0 T 3 

o-io 

0-088 

66-0 

0-21 

014 

o-ii 

0;085 

70-0 

0-28 

0-16 

0-12 

0-038 


fix. 1. 2 grams of a sample of Superphosphate gave 0-3770 gram 

MgjPgOf. 


From the Table 37 - 70 = 52'64 0a,P s 0 8 

Correction (mean of -11 and -13)= -12 

2)62-52 

26-26% CagPgOg 


Ex. 2. 1 gram of a Phosphate gave 0-5500 gram Mg g P a O r . 


From the Table 55-00 MgjPjO^ 
Correction (to be subtracted) 


= 35-18 P fi C 
■00 


76-80 OagPgOg. 


35-09%P B O K = 76-62 Ca^O* 
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Table pob Phosphates. 


MggPjOj OdjPjOj CaPgOj 

P . O , 

P . 

MggP . O , O .. PjO a CaPgO , 

P . O , 

P. 

OT 

0-14 

0-09 

0*08 

0-028 

4*1 

673 

3-00 

2-02 

1145 

■2 

078 

0-18 

0-13 

0-050 

•2 

6-87 

875 

2-69 

1-173 

•8 

0-42 

0-27 

0-19 

0-084 

•8 

6-00 

8-84 

2-75 

1-201 

•4 

0-58 

0-88 

0-20 

0-112 

•4 

0-14 

3-93 

2-82 

1-229 

•6 

070 

0-45 

0-32 

0140 

■5 

6-28 

4-01 

2-88 

1-267 

■0 

0-84 

0 , 54 

0-38 

0-188 

■8 

0-42 

4-10 

2-94 

1-285 

•7 

0-08 

0-82 

0-45 

0-198 

•7 

8-50 

4-10 

8-01 

1-318 

■8 

1-12 

071 

0-51 

0-223 

■8 

870 

4-28 

8-07 

1-341 

•0 

1-20 

0-80 

0-58 

0-251 

■9 

8-84 

4-87 

8-14 

1-309 

ro 

1-40 

0-89 

0-04 

0-279 

5-0 

8-98 

4-40 

8-20 

1-390 

•l 

1-64 

0-98 

070 

0-807 

•1 

7-12 

4-55 

3-20 

1-424 

*2 

1-08 

1-07 

077 

0-835 

■2 

7-28 

4-04 

8-88 

1-452 

•8 

1-82 

1*16 

0-88 

0-803 

■8 

7-40 

4-78 

8-89 

1-480 

•4 

1-00 

1*26 

0-90 

0-391 

‘4 

7-54 

4-82 

8-45 

1-608 

•6 

2-09 

1-84 

0-98 

0-419 

•6 

7-08 

4-91 

8-52 

1-680 

•0 

2-28 

1*48 

1-02 

0-447 

•0 

7- 82 

6-00 

8-68 

1-604 

7 

2-87 

1-62 

1-00 

0-475 

■7 

7-90 

6 08 

8-06 

1-692 

■8 

2-51 

1-01 

1*15 

0-508 

■8 

8-10 

5-17 

871 

1-020 

■9 

2-06 

170 

1'22 

0-581 

•0 

8-24 

5-20 

877 

1-048 

2-0 

279 

178 

1-28 

0-569 

0-0 

8-38 

5-36 

8-84 

1-670 

- -1 

298 

1-87 

1-84 

0-687 

■1 

8-62 

5-44 

3-90 

1704 

•2 

8-07 

1-00 

1-41 

0-014 

•2 

8-00 

5-68 

8- 97 

1782 

■8 

8-21 

2-06 

]-47 

0-042 

•8 

8-80 

6-02 

4-08 

1700 

•4 

8-86 

2’14 

1-54 

0-070 

•4 

8-04 

671 

4-09 

1787 

■5 

3-49 

2-28 

1-00 

0-898 

•5 

9-08 

6-80 

4-10 

1-816 

•0 

8-03 

2 82 

1-08 

0-720 

■0 

9-22 

6-89 

4-22 

1-848 

•7 

877 

2-41 

178 

0764 

•7 

9-80 

5-98 

4-20 

1-871 

•8 

8-91 

2-60 

179 

0782 

•8 

9-60 

0-07 

4-85 

1-899 

•0 

4-06 

2-50 

1-88 

0-810 

■9 

9-04 

0-16 

4-41 

1-027 

8-0 

4-19 

2-08 

1-92 

0-888 

7-0 

977 

0-24 

4-48 

1-955 

•1 

4-33 

277 

1-98 

0-800 

•1 

9-91 

0-83 

4-64 

1-983 

*2 

4-47 

2-86 

2-06 

0-894 

•2 

10-05 

0-42 

4-01 

2 011 

•8 

4'01 

2 94 

2-11 

0-922 

■8 

10-19 

0-61 

4-07 

2-089 

•4 

475 

8-08 

2-18 

0-060 

•4 

10-88 

0-60 

478 

2-007 

•6 

4-80 

8-12 

2-24 

0-978 

■5 

10-47 

0-00 

4-80 

2-096 

•0 

6-03 

8-21 

2-30 

1-006 

•8 

10-61 

078 

4-80 

2-123 

7 

6-17 

8-30 

2-37 

1-033 

•7 

1075 

0-87 

4-98 

2-151 

•8 

6-31 

8-39 

2-43 

1-081 

•8 

10-89 

0-90 

4-99 

2-178 

•9 

5*45 

3-48 

2-60 

1-089 

-9 

11-03 

7-Off 

6-05 

2-200 

4-0 

5 '69 

8-57 

2-50 

1-117 

8-0 

11-17 

7-14 

5-12 

2-234 


i 


MgjPgOy 

•01 

•02 

BB 

•04 

I'l 


o 

•08 

■00 

Ca.PjOg 

•01 

■03 

■04 

■00 

Elm 

iEslfl 

111 

•11 

■18 

CaPj0 6 

■01 

•02 

•03 

■04 

•06 

■05 

IS 

■07 

■08 

P . O , 

•01 

■01 

•02 

*08 

■08 

•04 

IS 

•05 

•00 

P. 

■008 

■000 

•008 

•on 

■014 

■017 

•020 

•022 
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PHOSPHATE TABLE. 


Table fob Phosphates— continued . 


OajPjO, CaPjO, PjO, P 9 MgjPjO, CaPjO, PjO, P, 


8‘1 

11*81 

7-22 

6-18 

2-202 

127 

1778 

11-88 

8-12 

8-647 

•2 

11-45 

7-81 

6-26 

' 2-290 

■8 

17-87 

11-42 

8-19 

8-676 

•8 

11-69 

7-40 

6-81 

2-818 

•0 

18-01 

11-61 

8-26 

8-008 

■i 

11-78 

7-49 

6-87 

2-840 

18-0 

18-16 

11-00 

8-82 

8-081 

•6 

11-87 

7-68 

6-44 

2-874 

•1 

18-29 

11-08 

8-88 

8-069 

•6 

12-01 

7-87 

6'50 

2-402 

•2 

18-48 

1177 

8-44 

8-087 

7 

12-16 

7-70 

6-67 

2-430 

•8 

18-67 

11-80 

8-61 

8714 

•8 

12-29 

7-85 

6-08 

2-468 

•4 

18-71 

11-96 

8-67 

8742 

■9 

12-48 

7-94 

6-09 

2-488 

•6 

18-86 

12-04 

8-04 

8770 

9 0 

12-67 

8-08 

6-70 

2-614 

■0 

18-99 

12-18 

870 

8-798 

•1 

12-71 

8-12 

6-82 

2-641 

7 

19-18 

12-22 

870 

8-820 

■2 

12-86 

8-21 

6-89 

2-609 

■8 

19-27 

12-81 

8-83 

8-864 

•8 

12-09 

8-80 

8-96 

2-697 

■9 

19-41 

12-40 

8-89 

8-882 

*4 

18-18 

8-88 

0-01 

2-026 

14-0 

19-66 

12-49 

8 90 

8-910 

•5 

18-27 

8-47 

0-08 

2-068 

•1 

19-09 

12-68 

9-02 

8-988 

•0 

18-41 

8-60 

0-14 

2-081 

-2 

19-88 

12-07 

0 08 

8-900 

■7 

1866 

8-06 

0-21 

2709 

•8 

19-97 

1270 

9-16 

8-994 

•8 

18-09 

8-74 

0-27 

2787 

■4 

20-11 

12-84 

9-21 

4-022 

■9 

18-88 

8-88 

0-88 

2786 

•6 

20-26 

12-98 

9-28 

4-060 

10-0 

18-90 

8-92 

0-40 

2798 

‘0 

20-89 

18-02 

9-84 

4-078 

•1 

14-10 

9 01 

0-40 

2-821 

•7 

20-68 

18 11 

9-40 

4-106 

•2 

14’24 

9-10 

0-62 

2-849 

■8 

20-07 

18-20 

0-47 

4-183 

•8 

1488 

9-19 

0-69 

2-877 

■9 

20-81 

18-29 

9-68 

4-101 

•4 

14-62 

9-28 

0-06 

2-906 

16-0 

20-96 

18 88 

9-00 

4-189 

‘6 

14-00 

9-87 

0-72 

2-982 

•1 

21-09 

18-47 

9-06 

4-217 

■6 

14-80 

9-46 

0-78 

2-960 

•2 

21-28 

18-60 

972 

4-246 

•7 

14-94 

9-54 

0-84 

2-988 

■8 

21-87 

18 06 

0 79 

4-278 

•8 

16-08 

9-08 

0-91 

8-010 

-4 

21-60 

1374 

0-85 

4-801 

•B 

16-22 

9-72 

6-97 

8-044 

•6 

21-04 

18-88 

9-92 

4-820 

11-0 

16-80 

9-81 

7-04 

8-072 

•0 

2178 

18-91 

0-08 

4-367 

1 

16-60 

9-90 

7-10 

8-100 

•7 

21-92 

14-00 

10-04 

4-886 

■2 

16-04 

9-99 

7-10 

8-128 

•8 

22-00 

14 09 

10-11 

4-418 

■8 

16-78 

10-08 

7-28 

8-160 

•9 

22-20 

14-18 

10-17 

4-441 

■4 

16-92 

10-17 

7-29 

8-184 

10-0 

22-84 

14-27 

10-23 

4-409 

■5 

10-00 

10-20 

7-80 

8-212 

•1 

22-48 

14-80 

10-80 

4-490 

•6 

10-20 

10-86 

7-42 

8-240 

■2 

22-62 

14-46 

10-80 

4-624 

7 

10-84 

10-44 

7-48 

8-208 

•8 

2270 

14-64 

10-48 

4-662 

■8 

10-48 

10-68 

7-66 

8-290 

.-4 

22-90 

14-08 

10-49 

4-680 

■9 

10-82 

10-01 

7-81 

8-824 

•6 

28-04 

1472 

10-66 

4-608 

12-0 

10-70 

10-70 

7-08 

8-861 

■0 

28-18 

14-81 

10-02 

4-030 

■1 

10-90 

10-79 

7-74 

8-879 

•7 

23-82 

14-89 

10-08 

4-004 

•2 

17-04 

10-88 

7-80 

8-407 

■8 

23-40 

14-98 

1076 

4-092 

•8 

1718 

10-97 

7-87 

8-486 

■9 

28-00 

16-07 

10-81 

4720 

■4 

17-82 

11-08 

7-98 

8-408 

17-0 

28 74 

16-10 

10-87 

4748 

■6 

17-40 

11-16 

8-00 

8-491 

•1 

28-88 

16-26 

10-94 

4770 

■0 

L7-0O 

11-24 

8-00 

8-619 

•2 

24-02 

15-84 

11-00 

4-804 
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Table fob Phosphates— oontinusd . 


HgjPjOy OajP fl O a CaP a O , 

P * O s 

P s 

MgaPgoJofijPiOi OiP | Q | 

P*Oi 

B 

17-8 

24-10 

15-43 

11-07 

4-882 

21-8 

29-74 

19-00 

18-62 

5-949 

■4 

24-80 

15-62 

11-18 

4-860 

•4 

29-88 

10-09 

18-09 

5-977 

■5 

24‘44 

15-61 

11-19 

4-887 

•5 

80-02 

19-18 

1876 

0 006 

■6 

24-58 

15-70 

11-26 

4-916 

■0 

80-10 

19-27 

18-82 

0-088 

•7 

24-72 

15-79 

11-82 

4-948 

■7 

80-80 

19-86 

18-88 

6-060 

■8 

24-86 

16-88 

11-89 

4-971 

■8 

80-44 

19-44 

18-94 

6-088 

■9 

26-00 

15-97 

11-45 

4-990 

■9 

80-58 

19-68 

14 -01 

6-110 

18-0 

26-14 

16-05 

11-61 

5-027 

22-0 

80-72 

19-02 

14-07 

0 144 

■1 

26-27 

10-14 

11-68 

5-066 

•1 

80-80 

19-71 

14-14 

0 172 

•2 

26-41 

10-28 

11-64 

5-088 

■2 

81-00 

19-80 

14-20 

0-200 

■8 

26-56 

10-82 

11-71 

5-111 

■8 

81-14 

19-89 

14-26 

6-228 

*4 

26-69 

10-41 

11-77 

5-189 

■4 

81-28 

19-98 

14-88 

6-250 

■6 

26-88 

10-60 

11-88 

5-167 

■6 

81-42 

20-07 

14-39 

0-284 

•6 

26-97 

10-69 

11-90 

6-195 

•0 

81-60 

20-10 

14-40 

0-812 

7 

20-11 

16-08 

11-96 

5-228 

■7 

81-70 

20-25 

14-62 

0-840 

■8 

20-25 

10-77 

12-08 

5-250 

‘8 

81-84 

20-84 

14-68 

0-868 

•9 

20-89 

10-86 

12-09 

6*278 

■9 

81-98 

20-48 

14-06 

6-896 

10-0 

20-68 

10-96 

1216 

6-800 

28-0 

8212 

20-61 

1471 

6-428 

■1 

20-07 

17-04 

12-22 

5-884 

•1 

82 20 

20-60 

1478 

0-451 

•2 

20-81 

17-12 

12-28 

5-802 

•2 

82-40 

20-09 

14-84 

0-479 

'8 

20-95 

17-21 

12-85 

6-890 

■8 

82-54 

2078 

14-90 

0-607 

•4 

27-09 

17-80 

12-41 

5-418 

•4 

82-08 

20-87 

14-97 

0-685 

■6 

27-28 

17-89 

12-47 

6-440 

■6 

82-82 

20-90 

15-08 

6-668 

•6 

27-87 

17-48 

12-64 

5-474 

•0 

32-96 

21-05 

16-10 

0-691 

•7 

27-61 

17-67 

32-00 

6-602 

•7 

83-00 

21-14 

16-16 

0-619 

■8 

27-66 

17-80 

12-07 

6-530 

-8 

88-28 

21-23 

16-22 

0-647 

•0 

2779 

17-75 

12-78 

5-658 

■0 

88-87 

21-82 

16-29 

0-675 

20-0 

27-08 

17-84 

12-79 

6-580 

24-0 

88-51 

21-41 

15-85 

0708 

•1 

28-07 

17-98 

12-80 

5-014 

■1 

83-66 

21-50 

16-42 

6781 

■2 

28-21 

18-02 

12-92 

5-042 

■2 

88-79 

21-58 

16-48 

6769 

■8 

28-35 

18-11 

12-99 

6-069 

•8 

88-98 

21-67 

16-64 

0787 

■4 

28-49 

18-20 

18-06 

6-097 

■4 

34-07 

2170 

16-01 

6-814 

•6 

28-08 

18-28 

18-11 

5-726 

•5 

84-21 

21-86 

15-07 

6-842 

■0 

28 77 

18-87 

18-18 

5-768 

•0 

34-85 

21-94 

1674 

6-870 

•7 

28-91 

18-46 

1824 

5-781 

•7 

84-40 

22-08 

16-80 

6-898 

■8 

29-05 

18-65 

18-81 

6-809 

■8 

84-08 

22-12 

16-80 

0-926 

•9 

29-19 

18-04 

18-87 

5-887 

•9 

34-77 

22-21 

15-98 

6-954 

21'0 

20-32 

18-78 

18-48 

5-805 

25-0 

84-91 

22-80 

15-09 

0-982 

•1 

29-48 

18-82 

18-50 

6-898 

■1 

85-05 

22-89 

10-06 

7-010 

•2 

29-00 

18-91 

18-50 

6-921 

■2 

35-19 

22-48 

10-12 

7*088 


MfePA 

CaP , O e 

PA 

•01 


•08 


■05 

•00 

K1 



■01 

■08 

•04 


■07 

•08 

mm 

•11 

•18 

■01 

■02 

■08 

■04 

•06 

•05 

Brfl 

•07 

wTjH ; 

•01 

■01 

■02 

*08 

•08 

•04 

■06 

■06 

•06 

pI 

■008 

•006 

•008 

•on 

■014 

•017 

•020 

■022 
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Table fob Phosphates— continued . 


M&P a O, C*,P,0, CaPjO, P,O s 


Pi 


iffJjPjOy Ca 8 P a 0 8 0aPg0 8 


P»0 4 P, 


26-8 

35-83 

•4 

85-47 

•5 

86-61 

•6 

86 76 

7 

36-89 

-8 

80-08 

•9 

88-17 

20-0 

86-81 

•1 

80-46 

•2 

30-69 

•8 

8678 

•4 

80-87 

•5 

87-00 

•6 

87-14 

•7 

87-28 

•8 

87-42 

-9 

87-66 

27-0 

3770 

•1 

87-84 

■2 

87-98 

■8 

38-12 

-4 

88-20 

•6 

38-40 

•0 

88-54 

-7 

88 68 

■8 

88-82 

•9 

88-00 

28-0 

89-10 

•1 

89-24 

•2 

89-38 

•8 

39-52 

■4 

89-00 

•6 

89-80 

■0 

89-94 

•7 

40-08 

•8 

40-22 

■9 

40-80 

29 0 

40-60 

■1 

40-84 

•2 

40-78 

•3 

40-92 

•4 

41-06 

•5 

41-19 

•0 

41-83 

7 

41-47 

-8 

41-61 


22-57 18-18 

22-66 16-25 
22-74 16-31 
22-88 10-38 

22- 62 16-44 
28-01 16-50 
28-10 16-57 
28-19 10'68 
28-28 16-70 
28-87 16-76 

23- 48 16-82 
28-55 16-89 
28*04 16-95 
2372 17-02 

23- 81 17*08 
28*90 1714 
28-99 17-21 

24- 08 17-27 

24-17 17-88 

24-20 17-40 

24-85 17-40 

24-44 1 7-63 

24-63 17-59 
24-02 17-05 
24-71 17-72 
24-80 17-78 
24-88 17-85 

24- 97 17-91 
26-06 17-97 

25- 16 18-04 

26- 24 18-10 

25-33 18-17 

25-42 18-28 

25-fil 18-29 

25- 00 18-86 

26- 69 18-42 

25-78 18-49 
25-87 18-66 

25- 95 18-01 
28-04 18-08 
20-18 18-74 

26- 22 18-81 

26-31 18-87 

26-40 18-98 
28-49 19-00 

26-68 19-00 


7-006 

29-9 

7-094 

80-0 

7122 

•1 

7-160 

•2 

7178 

•8 

7-205 

•4 

7*283 

- -6 

7-201 

•8 

7-289 

■7 

7-317 

■8 

7-846 

•9 

7-873 

81-0 

7-401 

■1 

7-429 

•2 

7-457 

•8 

7-485 

•4 

7*513 

•5 

7-641 

•0 

7-569 

■7 

7-697 

•8 

7-024 

■9 

7-052 

32-0 

7-680 

■1 

7 "708 

•2 

7-786 

■8 

7-764 

■4 

7-792 

•6 

7-820 

■6 

7-848 

■7 

7-876 

■8 

7-904 

■9 

7-932 

88-0 

7 969 

•1 

7-987 

■2 

8-015 

■3 

8-043 

'4 

8-071 

•6 

8-099 

•6 

8-127 

■7 

8-155 

■8 

8-183 

•9 

8-211 

84-0 

8 230 

■1 

8 207 

■2 

8-295 

•8 

8-828 

•4 


41-76 26-07 

41- 89 20-78 

42- 08 26-85 

42-17 26-94 
42-81 27-08 
42-45 2711 
42-69 27-20 
42-78 27-29 

42- 87 27-88 
48-01 27-47 

43- 16 27-66 
48-29 27-66 
48-48 27-74 

43- 57 27-88 
48-71 27-92 
48-85 28-01 
48-99 28-10 

44- 18 28-18 

44-27 28-27 

44-41 28-80 

44-65 28-45 
44-09 28-64 

44- 82 28-08 

44 90 28-72 

45 10 28-81 
46-24 28-90 

45- 38 28-99 

45-62 29-08 

45-06 29-17 

45- 80 29-20 

46- 94 29-84 

46-08 29-43 
40-22 29-52 
40-86 29-61 

46-50 29-70 

46-64 29-79 
40-78 29-88 

46- 92 29-97 

47- 00 80-00 

47-20 3016 

47-84 80-24 
47'48 80-38 

47-62 80-41 
47-76 80-50 

47- 90 80-59 

48- 04 30-68 


19-13 

8-861 

19-19 

8*378 

19-26 

8-400 

10-82 

8*484 

19-38 

8-462 

19-46 

8-490 

19-61 

8-518 

19-57 

8-640 

19-04 

8-574 

19-70 

8-002 

19-77 

8-030 

19-88 

8-058 

19-89 

8-680 

19-96 

8-714 

20-02 

8742 

20 09 

8-769 

20-16 

8797 

20-21 

8-825 

20-28 

8-868 

20-34 

8-881 

20-41 

8-909 

20-47 

8-987 

20-53 

8-905 

20-60 

8-998 

20-06 

9-021 

20-72 

9-049 

20-79 

9-077 

20-86 

9-106 

20-92 

9-188 

20-98 

9-100 

21-04 

9-188 

21-11 

9-216 

21-17 

9-244 

21-24 

9-272 

21 -80 

9-800 

21 -36 

9-328 

21-48 

9-356 

21-49 

9-884 

21-50 

9-412 

21-02 

9-440 

21-68 

9-408 

2175 

9-496 

21-81 

9-523 

21-88 

9-551 

21-94 

9-579 

22-00 

9-007 
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Table fob Phospkatbs— continued . 


HggPgOf Ca,PjOg CsPjOg P a O s Pj HgjPaOy CujPjO^ C&PgOg PgOj Pj 


34-6 

48-18 

■0 

48-82 

7 

48-40 

■8 

48-00 

■9 

4874 

36-0 

48-87 

■1 

49-01 

•2 

49-16 

■8 

49-29 

•4 

49-48 

•5 

49-67 

■0 

49-71 

■7 

49-86 

■8 

49-99 

•9 

50-18 

80-0 

50‘27 

■1 

50-41 

•2 

50-65 

■8 

60-69 

■4 

60-88 

■5 

60-97 

■6 

61-11 

7 

51-26 

•8 

51-39 

•9 

51-63 

87-0 

51-07 

•1 

51-81 

■ 2 

51-96 

•8 

62-09 

■4 

62-23 

■6 

62-87 

•6 

62-61 

7 

62-04 

•8 

62-78 

■9 

52-92 

38-0 

63-00 

•1 

63-20 

•2 

53-84 

•3 

63-48 

•4 

53-62 


80-77 22-07 

80-86 22-18 

80 - 95 22-20 

81 - 04 22-20 

81-18 22-32 

81-22 22-89 
81-81 22-45 
81-40 22-52 
81-49 22-58 
81-67 22-64 
81-66 22-71 
81-75 22-77 
81-84 22-84 

81 - 93 22-90 

82 - 02 22-90 

82-11 23 - U 8 
32-20 23-09 
32-29 23-16 
32-88 23-22 

82-47 28-28 

82 - 55 28-36 
32-04 23-41 
32-78 23-48 
32-82 23-64 

32 - 91 28*60 
88 "00 23-67 
38-09 28-73 
33 18 23-80 

33 - 27 23-86 
33-86 23-92 
88-46 23-99 
88-64 24-05 
88-02 24-12 
33-71 24-18 

83 - 80 24-24 
88-89 24-31 

83 - 98 24-37 

84 - 07 24-43 

84-16 24-60 
84-25 24-56 


9-085 

88-5 

9-603 

■0 

9-091 

■7 

9719 

•8 

9747 

•9 

9-776 

89-0 

9-803 

■1 

9-831 

■2 

0-859 

■8 

9-887 

■4 

9-914 

•5 

9-942 

•6 

9-970 

‘7 

9-998 

•8 

10-020 

■9 

10-054 

40 0 

10-082 

■1 

io-no 

•2 

10-188 

■3 

10-100 

•4 

10-194 

•6 

10-222 

■6 

10-260 

•7 

10-278 

■8 

10-800 

■9 

10-838 

41-0 

10-861 

■1 

10-389 

■2 

10-417 

■3 

10-445 

■4 

10-473 

-5 

10-501 

■6 

10-529 

■7 

10-657 

■8 

10-585 

■9 

10-013 

42-0 

10-041 

•1 

10-009 

•2 

10-096 

•3 

10-724 

•4 


63-76 84-34 

63 - 90 34-48 
54-04 84-52 

64 - 18 34-01 
54-82 84-70 
64-46 84-78 
64-00 84-87 
54-74 34-96 
54-88 85-06 
66 02 86-14 
66 10 36-23 

66-30 86-82 

66-44 35-41 

56-68 86-50 

56-72 36-69 
66-86 35-08 
66-00 3677 

56-14 86-86 
66-28 36-94 
60-42 80-03 
50-66 8612 

66 - 09 30-21 
56-83 80-80 

56 - 97 30-39 

67 - 11 30-48 

57 - 26 80-67 

67-39 36-00 
67-58 30-76 

57-67 86-84 

67 - 81 30-93 

57 - 95 87-01 

58 - 09 37-10 

58-28 37-19 

58-37 37-28 
58-51 37-87 

68 - 05 37-40 

68 - 79 87-65 
58-93 87-64 
59'07 37-73 

69 - 21 87-82 


24-63 

10762 

24-69 

10-780 

2475 

10-808 

24-82 

10-880 

24-88 

10-804 

24-96 

10-892 

26-01 

10-920 

26-07 

10-948 

26-14 

10-976 

26-20 

11-004 

26-27 

11-032 

26-33 

11-060 

26-30 

11-087 

26-46 

11116 

26-62 

11-148 

26-69 

11171 

25-05 

11-199 

26 71 

11-227 

2678 

11-265 

26-84 

11 - 288 - 

25-91 

11-811 

25-97 

11-339 

26-08 

11-867 

26-10 

11-895 

20 10 

11-428 

20-23 

11-451 

20-20 

11-478 

20-85 

11-506 

20-42 

11-684 

20-48 

11-662 

20-56 

11 - 600 ” 

20-01 

11-018 

20-07 

11-646 

2674 

11-074 

26-80 

11702 

20-87 

11730 

20-98 

11768 

26-99 

11780 

27-00 

11-814 

2712 

11-842 


MgjPgOp 

•01 

■02 

■03 

•04 

Bin 

•06 

■ 

19 

■09 

CaJoOa 

-01 

•03 

■04 

•00 

«!/S 

•08 


III 

•18 


•01 

■02 

•03 

•04 


•05 

|B jfl 

•07 

•08 

P a O fl 

•01 

•01 

•02 

•03 


■04 


•06 

•06 

Pi 

■008 

•000 

■008 

•ou 


■017 


■022 
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phosphatb TAOT.HL 


Tablb fob Phosphatbs— continued . 


MgjPjO, O^PjO* CaP,0, PtO, Pf MgjPjO, Ci,P s O, OaP,O e P,0» P t 


42'6 

69*86 

8791 

27*19 

11*869 

47*1 

0677 

42*01 

80*18 

18*164 

*0 

69*49 

88-00 

27*26 

11-897 

*2 

06-91 

42*10 

80-19 

18-182 

7 

69*68 

88-08 

27-81 

11*926 

*8 

66-06 

42*19 

80-20 

18*210 

■8 

69-77 

88*17 

27*88 

11*968 

*4 

86*19 

42-28 

30-82 

18*288 

•9 

69-91 

88-28 

27*44 

11-981 

*6 

60-88 

42*87 

80-88 

18*206 

48-0 

60-06 

88-86 

27-61 

12*009 

■6 

00-47 

42*46 

80*46 

18-294 

*1 

60*18 

88*44 

27-67 

12-087 

•7 

06-81 

42-64 

80*61 

18-822 

•2 

60*82 

88-68 

27-08 

12-066 

*8 

0676 

42*68 

80-68 

18-860 

•8 

60*46 

88-62 

27 70 

12-093 

■9 

66*89 

42*72 

80-64 

18*878 

•4 

00-80 

88*71 

2770 

12-121 

48-0 

67-08 

42*81 

80-70 

18-406 

■5 

60-74 

88-80 

27-88 

12*149 

*1 

67*17 

42-90 

8077 

18-488 

■6 

00-88 

88-89 

27-89 

12-177 

■2 

67-81 

42*99 

80-88 

18*401 

■7 

01-02 

88 98 

27-96 

12-206 

*8 

67-46 

48*08 

80-90 

13*489 

■8 

6110 

89 07 

2892 

12-282 

*4 

07-69 

48*17 

80-90 

18-617 

■9 

81*80 

89*10 

28-08 

12*260 

*6 

87 78 

48-26 

8102 

18-646 

44-0 

61-44 

89*24 

28*14 

12*288 

■0 

67-87 

48-86 

81*09 

18-678 

•1 

61-68 

89-88 

28-21 

12-810 

•7 

68-00 

48-44 

81*16 

18-601 

•2 

01*72 

89*42 

28*27 

12-844 

*8 

08-14 

48-63 

81-22 

18*029 

•8 

01-80 

89-61 

28-84 

12-372 

•9 

68-28 

48*01 

81-28 

18*067 

•4 

02*00 

89*00 

28-40 

12-400 

49*0 

08-42 

48 70 

81-84 

18*886 

■5 

62-14 

89-09 

28*40 

12*428 

•1 

08-60 

4879 

81-41 

18718 

■6 

62-28 

89-78 

28-68 

12-460 

•2 

68 70 

48-88 

81-47 

13741 

■7 

62-42 

89-87 

28-69 

12-484 

•8 

68-84 

48-97 

81-68 

18709 

•8 

02-60 

3996 

28-00 

12-612 

*4 

68-98 

44-00 

81-60 

13790 

■9 

02*70 

40-06 

28 72 

12-640 

*6 

09*12 

44-16 

81*00 

18*824 

46‘0 

62-84 

40-14 

28-78 

12-608 

■6 

09-20 

44-24 

8178 

18-862 

*1 

0298 

40-28 

28*86 

12-690 

*7 

09*40 

44-88 

8179 

18*880 

•2 

08-12 

40-81 

28-91 

12*024 

*8 

69-64 

44*42 

81-86 

18-908 

*8 

08-26 

40-40 

28 98 

12-061 

*9 

69-68 

44-61 

81-92 

13-980 

*4 

63*40 

40-49 

29*04 

12-079 

60-0 

69-82 

44*60 

81-98 

18-904 

*6 

08-64 

40-68 

29-10 

12707 

*1 

09-90 

44*68 

82-06 

13-992 

*6 

63-68 

40-07 

29-17 

12786 

*2 

70*10 

4477 

82-11 

14-020 

*7 

08-82 

4070 

29-23 

12768 

■8 

70*24 

44-86 

82-17 

14-048 

*8 

6890 

40-86 

29-80 

12791 

*4 

70*88 

44-96 

82-24 

14-076 

*9 

04*10 

40 94 

29-80 

12-819 

•6 

70*62 

46-04 

82-80 

14-104 

40*0 

84*28 

41-08 

29*42 

12-847 

■6 

70-00 

46-18 

82-87 

14-182 

*1 

84-87 

41-12 

29-49 

12-876 

*7 

70-80 

46-22 

82-48 

14*100 

2 

84*61 

41*21 

29-66 

12-903 

*8 

70-94 

46-81 

82-49 

14-187 

*8 

04-06 

41*80 

29-02 

12-981 

*9 

71-08 

46-40 

82-60 

14-216 

*4 

64-79 

41-88 

29-68 

12-969 

61-0 

71-22 

46*49 

82-62 

14 243 

*6 

0498 

41*47 

2974 

12-987 

*1 

71-80 

46-68 

82-09 

14-271 

•6 

06 97 

41-60 

29-81 

18-016 

■2 

71-60 

46-67 

8276 

14-299 

■7 

66*21 

41-06 

29-87 

18-042 

*8 

71-04 

46*76 

82-81 

14-327 

*8 

86*86 

4174 

29*94 

18*070 

*4 

7178 

46-84 

82-88 

14-866 

*9 

66-49 

41 -88 

80-00 

18 098 

*6 

71-91 

46-98 

32*94 

14-888 

47*0 

86-08 

41*92 

80-06 

18*126 

•0 

72*06 

46-02 

88-01 

14*411 
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Tablb fob Phosphatba— continued. 


Ug|F|Of Ofi|P|0| OsPfOf BjOfl Pj M^jP,O r Oc^P jQj O&PjOg PjOg P§ 


51-7 

72-19 

•8 

72-88 

•9 

72-47 

62*0 

72-01 

•1 

72-76 

*2 

72-89 

■8 

78-08 

■4 

78-17 

■5 

78-81 

■0 

78-45 

•7 

78-69 

■8 

78-78 

■9 

78-87 

68-0 

74-01 

•1 

74-16 

*2 

74-29 

•8 

74-48 

•4 

74-67 

•5 

74-71 

•0 

74-86 

•7 

7499 

■8 

76-18 

•9 

76-27 

64-0 

76-41 

•1 

76-66 

•2 

76-09 

•8 

76-88 

•4 

76-97 

■6 

70-10 

-0 

76-24 

*7 

70-88 

-8 

70-62 

•9 

70-00 

65-0 

70-80 

■1 

76-94 

•2 

77-08 

■8 

77*22 

•4 

77-88 

■6 

77-50 

•6 

77-64 


40-11 88-07 
40-20 38-18 
40-29 88-20 
40-88 88-20 
40-47 88-88 
40-50 88-89 
40-05 88 45 
40-74 88-52 
40-83 38-58 
40-91 88-05 

47-00 88*71 

47-09 88-77 
47’18 88-84 

47-27 83-90 

47-80 88-97 

47-46 84-08 

47-54 84-09 

47-08 84-10 
47-72 84-22 
47-81 84-29 
47-90 84-85 

47 - 99 84-41 

48 - 07 84-48 

48-16 84-64 

48-25 84-01 

48-84 84-07 

48-48 84-78 

48-62 84-80 

48-01 84-86 
48-70 84-98 
48-79 84-99 
48-88 85-05 

48 - 97 86-12 

49 - 06 85-18 

49-14 85-24 

49-28 86-31 

49-82 85-87 

49-41 85-44 

49-50 85-60 

49-59 85-66 


14*489 

55-7 

14-407 

■8 

14-495 

•9 

14-528 

56-0 

14-551 

-1 

14-579 

•2 

14-800 

■8 

14-884 

-4 

14-802 

■5 

14*090 

•6 

14-718 

•7 

14-748 

■8 

14-774 

•9 

14-802 

57-0 

14-880 

■1 

14-858 

■2 

14-880 

•8 

14-914 

■4 

14-941 

■6 

14-989 

•0 

14-997 

•7 

16-026 

•8 

16-068 

•9 

16-081 

58-0 

16-109 

■1 

15-187 

-2 

16-106 

■3 

15-198 

■4 

15-221 

■5 

15-249 

■6 

16-277 

■7 

15-806 

■8 

16-838 

■9 

15-860 

59-0 

15-888 

-1 

15-416 

•2 

15-444 

•8 

15-472 

•4 

16-600 

•6 

15-528 

•0 


77-78 49-08 

77 - 92 49-77 

78 - 00 49-86 
78 20 49-95 

78-34 50-04 

78-48 50-12 

78-02 60-21 

78-70 60-80 

78 - 90 60-89 

79 - 04 50-48 
7918 60-67 

79-82 60-60 

79-40 60-75 

79-00 50-84 
7974 60-98 

79 - 87 61-02 

80 - 01 61-11 

80-15 61-20 

80-29 61-28 

80-48 51-87 

80-57 61-40 

80-71 61-56 

80-86 61-04 

80 - 99 51-78 

81 - 18 61-82 

81-27 61-91 

81-41 52-00 

81-55 62-09 

81-09 52-18 

81-88 52-27 

81 - 97 62-86 

82 - 11 52-44 

82-25 52-58 

82-89 62-02 

82-58 52-71 

82-07 52-80 

82-81 52'89 

82-95 52-98 
88-09 63-07 
88-23 58-10 


85-03 15-650 

85-09 16-684 

85-70 16-012 

85-82 16-640 
85-88 16-668 

85 - 95 16-696 

86 - 01 16-724 
80-08 16-761 
80-14 16-779 

86-20 16-807 
80-27 16-835 

86-88 16-868 
80-40 16-891 
80-48 16-919 

86 - 62 16-947 
80-69 16-975 
88-06 10-008 
80-72 10-081 
80-78 10-069 
80-84 10-087 
80-91 10-115 
80-97 10-142 

87 - 04 10-170 

87-10 10-198 

87-16 10-220 
87’28 10-254 
37-29 10-282 

87-80 16-810 
87-42 10-838 
87-48 10-860 
87-65 10-894 
87-01 10-422 
87-08 10-450 
87-74 16-478 
87-80 10-605 
87'87 10-688 

87 - 98 10-501 

88 - 00 16-689 

88-00 16-017 

88-12 10-645 


Mg-PnOy 

•01 

■02 

•08 

rm 

B9 

•08 

mm 

•08 


oaJJbs 

•01 

■08 

•04 

HI 

19 

•08 

E9 

•11 


Oa 1? s b 8 

•01 

•02 

•08 

B9 

19 

•05 




PjOj 

•01 

•01 

•02 

■08 

19 

■04 

■9 

: 


P , 

•008 

•000 

00 

§ 

•on 

■014 

■017 

■020 
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OONV3BSION OB' NIT110GKHN INTO AMMONIA. 


Tablb job Phosphatbs— continued . 


MgfoPaCb 

QAjPjOb OlPjOg 

Pa0 8 

P* 

IfjfaPjOr OflgPjOj 

OftP^Oj) PgOg 

Pa 

697 

88*87 

63-26 

88-19 

10-873 

81-0 

85-18 

54-41 

89'02 

17-088 

•8 

88'61 

68-84 

38-25 

10701 

62 

88-58 

55-30 

39-00 

17-816 

*0 

83-06 

68-48 

88-82 

10729 

08 

8797 

66-19 

40-30 

17-696 

00-0 

8378 

68-61 

38-38 

16757 

64 

80-87 

67*08 

40-94 

17-874 

■1 

8S-A2 

63-00 

88-44 

10785 

05 

90 77 

57-97 

41-58 

18-153 

■2 

84-06 

68-69 

88-61 

18-818 

00 

92-18 

68-87 

42 22 

18-438 

•8 

84-20 

53-78 

88-67 

10-841 

87 

98-66 

69-70 

42-80 

18-712 

•4 

84-34 

63-87 

88-03 

10-869 

68 

04'90 

00-06 

43-50 

18-991 

•6 

84-43 

53-90 

8870 

18-896 

69 

96-36 

01-54 

44-14 

19-270 

■0 

84-02 

64-06 

3870 

16-924 

70 

.9776 

62-43 

4478 

19-550 

7 

8476 

54-14 

88-88 

10-952 

71 

9914 

03-33 

46-41 

19-829 

■8 

84-00 

64-28 

88-89 

16-080 1 


100-00 

03-37 

46-81 

20-000 

•9 

86 04 

64-82 

88'95 

17-008 







Table fob thb Oonybbsion of Nitrogen into Ammonia and 
Albuminoids (=Nx0-26). 


N. 

NUg. 

Albnmln- 

olds 

(NxB-26). 

N. 

NH*. 

Albumin¬ 

oids 

(Nxe-26). 

N. 

NH # . 

Albumin¬ 

oids 

(Nxfl-26). 

o-i 

0-12 

0-08 

1-0 

2-81 

11-88 

8-7 

4-49 

23-18 

-2 

•24 

1-25 

2-0 

2-43 

12-60 

■8 

4-01 

23 76 

■8 

•36 

1-88 

■1 

2-55 

18-13 

•9 

4-73 

24-88 

•4 

■49 

2-50 

■2 

2-07 

1875 

4-0 

480 

25 00 

*6 

•01 

8-18 

■3 

279 

14-38 

•1 

4 98 

25-03 

■6 

■73 

876 

•4 

2-01 

15-00 

"2 

6-10 

26'25 

7 

■85 

4*88 

•6 

8-04 

16-68 

•3 

6-22 

20-88 

•8 

■97 

500 

•0 

8-10 

16-25 

■4 

6-34 

27-60 

■9 

1-09 

5*63 

7 

8-28 

10-88 

•6 

6-40 

28-13 

1-0 

1-21 

0-25 

*8 

3-40 

17-50 

■0 

6-68 

28 76 

-1 

1-84 

■ 0'88 

■9 

3-52 

18-13 

•7 

671 

29-38 

•2 

1-46 

7-50 

8-0 

8-64 

1875 

*8 

5-83 

80 00 

•3 

1-68 

8-18 

■1 

870 

19-88 

•9 

6-95 

80-08 

■4 

170 

876 

■2 

8-88 

20-00 

6-0 

0-08 

81-26 

■5 

1-82 

9-38 

■8 

4-01 

20-08 

•1 

6-20 

81-88 

•0 

1-94 

10-00 

•4 

4-18 

21-25 

•2 

0-32 

82-50 

7 

2-00 

10-63 

•6 

4-25 

21-88 

•8 

-0-44 

88-18 

•8 

2-19 

11-25 

•0 

4-87 

22-50 

•4 

6-57 

8376 


N 

•01 


■08 

■04 

•05 

•00 

1 

■07 

•08 

•09 

NHj 

*01 


■04 

■06 

•00 

-07 

■09 

•10 

•11 

Albuminoids 

•00 


•19 

i 

■26 

•81 

•38 

-44 

■60 

•56 
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Tab LB BOB THB OONVBBSION OB NlTEOQBN INTO AMMONIA AND 

Albuminoids— continued. 


N . 

NH,. 

Albumin ¬ 

oids 

( Nxfl - Sfl ). 

N . 

NH * 

Albumin ¬ 

oids 

(Nx 8 - 26 ). 

N . 

NH *. 

Albumin ¬ 

oid! 

( Nxe - 26 ). 

6-5 

0-60 

84'88 

91 

11-00 

58-88 

12-6 

15-82 

7876 

■0 

0-81 

85-00 

•2 

11-19 

57-50 

•7 

15-44 

79-88 

7 

0-93 

85-08 

-8 

11 ‘Sl 

58-18 

•8 

16-50 

80-00 

•8 

7-06 

80-26 

•4 

11-48 

58-76 

•9 

15-08 

80-68 

*0 

7-3 7 

80-88 

•5 

11-55 

60-88 

18 0 

15-81 

81-25 

6-0 

7‘80 

87*60 

■6 

11-07 

60-00 

•1 

15-98 

81-88 

1 

742 

88-18 

•7 

11-79 

00-68 

■2 

10-05 

82-50 

*2 

7'64 

8876 

■8 

11-92 

01-25 

•8 

10-17 

88-18 

•8 

7 00 

89 88 

•9 

12-04 

01-88 

*4 

16-29 

8876 

•4 

778 

40-00 

10-0 

12-10 

02-50 

•6 

10-41 

84-88 

'5 

7-90 

40-08 

•I 

12-28 

08-18 

•6 

10-64 

85-00 

■0 

8-02 

41 -25 

■2 

12-40 

0876 

•7 

10-00 

86-68 

7 

8-15 

41-88 

■8 

12-62 

64-88 

■8 

10-78 

80-26 

■8 

8 “27 

42-60 

■4 

12-64 

66-00 

■9 

10-90 

86-88 

•0 

8-89 

48-18 

•6 

1277 

65 68 

14-0 

17 02 

87*60 

7-0 

8-61 

4875 

•0 

12-89 

00-25 

•1 

17-14 

88 18 

•1 

8-03 

44-88 

■7 

18-01 

66-88 

•2 

17-27 

88-75 

■2 

8 76 

46-00 

•8 

1818 

07-60 

■8 

17-80 

80-88 

■8 

8-88 

46-08 

•9 

18-26 

68-18 

■4 

17-61 

90-00 

•4 

9-00 

40 25 

11-0 

18-87 

0875 

•6 

17-03 

90-08 

■6 

912 

40 88 

•1 

18-60 

69-88 

■0 

1775 

91-25 

■0 

0-24 

47-50 

•2 

18-02 

70-00 

■7 

17-87 

91-88 

7 

0-86 

48 "] 8 

■8 

1874 

70-88 

•8 

17-09 

92-60 

■8 

0 48 

4876 

■4 

18-86 

71-25 

■9 

18-12 

08-18 

■0 

9-01 

40-38 

•5 

13 08 

71 88 

15-0 

18-24 

08-75 

8-0 

978 

60-00 

*6 

14-10 

72-60 

■1 

18-30 

94‘88 

■1 

9-86 

50-03 

7 

1428 

78-13 

•2 

18-48 

06-00 

■2 

9-07 

51-26 

•8 

14-85 

73 76 

•8 

18-60 

95-08 

■8 

10-09 

61-88 

•9 

14-47 

74-88 

•4 

1872 

96’25 

■4 

10-21 

52-60 

12-0 

14-69 

75-00 

•5 

18-86 

00-88 

•6 

10-88 

58-18 

•1 

14-71 

75-03 

•6 

18-97 

97-50 

•0 

10-40 

53 76 

■2 

14-88 

70-25 

■7 

19-09 

98-18 

■7 

10-68 

64-38 

■8 

14-05 

70-88 

■8 

19-21 

08-76 

‘8 

1070 

55-00 

•4 

15-08 

77-50 

■9 

10-83 

99-88 . 

•9 

10-82 

65-68 

•5 

16-20 

7818 

10-0 

10-46 

100-00 1 

0-0 

10-94 

50-26 







N 

•01 

•02 

•08 

-04 

•05 

*06 

■07 

•08 

•09 

NHj 

•01 

•02 

•04 

•05 

•06 

•07 

-09 

•10 

•11 

Albuminoids 

■00 

•18 

•19 

•25 

•81 

•88 

-44 

■50 

■50 


I 
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kjhldahl tablh. 


Tablb pob Kjbldakl Pbocbbs : l Guam op Sttbbtajjot 

BKLNQ TTBKD. 

1 0 . 0 , N/6 aoid=0'002802 gram N (log. 5-44747) 

,, =0’008407 gram NHjflog. 5-68287). 


0.0. N/B 
add 
uied. 

x*. 

XNHj. 

o.o. N/B 
add 
Hied. 

X K. 


o.o. N/5 
add 
used. 

X*. 

X»H* 

1 

0-28 

0*84 

25 

7-01 

8-52 

49 

18-78 

10-09 

2 

0-50 

0-08 

. 20 

7-29 

8-80 

50 

14-01 

17-04 

8 

0-84 

1*02 

27 

7-57 

9-20 

61 

14-20 

17-88 

4 

1-12 

1-80 

28 

7-85 

9-54 

52' 

14-67 

17-72 

6 

1-40 

1*70 

29 

8-18 

9-88 

58 

14-86 

18*00 

6 

1-08 

2-04 

80 

8’41 

10-22 

64 

16-18 

18-40 

7 

1-00 

2-88 

81 

8-00 

10-66 

55 

16-41 

18-74 

8 

2-24 

2-78 

82 

8‘97 

10-90 

50 

15-09 

19-08 

9 

2-62 

8-07 

83 

9-26 

11-24 

57 

16-07 

19-42 

10 

2-80 

8-41 

84 

9-58 

11-68 

58 

10*26 

19-70 

11 

8-08 

875 

86 

9-81 

11-92 

50 

10-68 

20-10 

12 

,8-80 

4-09 

80 

10-09 

12-27 

00 

10-81 

20-44 

18 

8-04 

4-48 

87 

10-37 

12-01 

01 

17-09 

20-78 

14 

8-92 

4-77 

88 

10-05 

12-95 

02 

17-87 

21-12 

15 

4-20 

5-11 

89 

10*98 

18-29 

03 

17-06 

2140 

10 

4-48 

6-45 

40 

11-21 

13-08 

04 

17-98 

21-80 

17 

4*70 

6-70 

41 

11-49 

18-97 

05 

18-21 

22-15 

18 

6-04 

0-18 

42 

11-77 

14-81 

00 

18-40 

22-49 

19 

5-82 

0-47 

48 

12-05 

14-05 

07 . 

18-77 

22-88 

20 

6-00 

6-81 

44 

12-88 

14-09 

08 

19-06 

28-17 

21 

6-88 

7-16 

45 

12-01 

15-88 

09 

19-38 

23-51 

22 

0-10 

7-60 

40 

12-89 

16-07 

70 

19-01 

23-86 

28 

0‘44 

7-84 

47 

18-17 

10-01 

71 

10 89 

24-19 

24 

0-72 

8-18 

48 

18-46 

10-35 

72 

20-17 

24-68 


O.O. N/5 add 

o-l 

0-2 

0-8 

0-4 

0-6 

0-0 

0-7 

0-8 

0-9 

%N 

■08 

•08 

•08 

’ll 

•14 

■17 

•20 

•22 

•26 

%nh, 

•03 

•07 

•10 

•14 

•17 

■20 

•24 

•27 

•81 
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Facto as fob Oaxottlat in g Vabiotjb Nitboghkouh Substances. 


Albuminoids. 

Albumin 

Oaaein .... 
Proteins of oboe so. 

„ milk . 

,, dried milk . 
Gelatin .... 

Proteins in meat-extract 
Hide snbatanoe (from 
nitrogen in leather) . 


Multiply 
nitrogen by 

Logarithm. 

Authority. 

6-25 

0-79688 


6‘89 

0-80660 

Richmond 

8-89 



6-89 

M 


8-89 

’1 

II 

6-87 

0-83696 


5-5 

0-74086 

Allen and Searle: 



Mitchell 

6-88 

0-80140 

Allen and Searle 

6-62 

0-74968 

J. G. Parker 


The oovwarttiive values of feeding stuffs * are frequently expreaaed in 
terms of food units,” which are calculated as follows P 
Mulfaply the sum of the percentages of oil and albuminoids by 2* 
and add the percentage of “digestible carbohydrates.” The result 
gives the percentage of food units. 

Etu. Two linseed cakes contained 

Oil. 

Albuminoids .... 

Digestible carbohydrates 
Hence we have 

A 14-36 
27-42 


A 

B 

14-36 

10-06 

27-42 

28-50 

32-50 

3413 

Food Unite. 


41-78 x2jt = 104-45+ 32-69= 137 


B 10-06 
28-50 


38-56x2^ - 96-40+34-13= 130-6. 
The relative values of A and B are thus 

137 : 130-5, or 1-05 : 1. 


It must be specially noticed that “food units” express the total 
wbrmsic valueoi a feeding stuff—both as food, and as manure after 
it has passed through the animal. 


* Dyer, Fertilizer t Feeding Stuffs, p. SI. 

t Beit done by uxtng the equivalent fraotlon thua 4178 -lot-iB, 
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OILS, FATS, AND WAXES. 


Oils , Fats , and Waxes . 

Otla are neutral bodies of more or less -moons consistence, liquid 
at the or dinar y temperature, combustible, lighter than water and 
insoluble in it, sometimes soluble in alcohol, and always soluble in 
ether. Oils are classified as follows:—(i) fatty or fixed oils; (ii) 
essential or volatile oilB ; and (iii) mineral oils. The fatty or fiaed 
oils are simply liquid fats, and, in contradistinction to the members 
of the second class, decompose when heated. Etaential oils have 
strong and characteristic odours, and are vapourizable without 
decomposition, usually with little or no residue. Many essential 
oils consis t of hydrocarbons or other fluid bodies mixed with Bolid 
oxidised compounds. On cooling such, or by evaporation, the 
latter often crystalline out, the solid thus separating being termed 
the stearoptene, whilst the liquid is called the elaeopkene. Mineral 
oils form a class somewhat by themselves, and include petroleum 
and oils distilled from peat, shale, etc.: they consist of mixtures 
of hydrocarbons. 

Fata are the (neutral) triglycerides of the higher fatty acidB. A 
great many fata may be considered as mixtures of the triglycerides 
of several fatty acids, as of tripalmitin, tristearin and triolein; 
but mixed esters of glycerol may also exist in fats, e.g., oleo- 
pabnito-butyrate in butter-fat. . 

Waxes are esters formed by the union of mono- or di-hydne 
alcohols with the higher fatty acidB. The waxes, therefore, do not 
firm fain glycerol, and consequently, on being heated, do not emit 
the odour of acrolein, neither do they, on keeping, become rancid, 
owing to the stability of the esters of which they consist. Waxes 
are derived from both the animal and the vegetable kingdoms, 
beeswax being typical of the former, and oamsiiba wax of the 

latter. , 

Japan wax consists chiefly of glycerides, and hence is classed 
among “fata”: whilst sperm oil contains only a small amount of 
glycerides, but a large percentage of xmsaponmable matter, and is 
classed w-mo-ng “waxes.” 


(1) The acid value is the measure of the amount of free fatty 
acidB in a fat or wax. It gives the number of milligrams of 
potassium hydroxide required to neutralize the free fatty acids in 
one gram of a fat or wax. 

(2) The saponification value, or KOttstorfer value, is the number of 
milligrams of potassium hydroxide required to saponify completely 
one gram of a fat or wax (or gives grama of KHO required for 
1000 grams of a fat or wax). 

(3) The eater value gives the number of milligrams of potassium 
hydroxide required for the saponification of the neutral esters in 
one gram of a fat or wax. 
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If a fat con tains no free fatty acids, (3) is identical with (2); but 
in the more usual case, in whiuh small quantities of free fatty 
acids are present, (3) is obtained by subtracting (1) from (2). 

(4) The iodine value gives the percentage of iodine absorbed by a 
Eat or wax. 

(6) The Hehner value gives the percentage of insoluble fatty acids 
in a fat or wax. For most fats it lieB between 95 and 97. 

(6) The Beichert-Meisel value gives the number of c.e. of deoi- 
normal alhali (barium or potassium hydroxide) required to 
neutralise the distillate of volatile adds obtained from 5 grams of 
a fat or wax by the Beichert distillation process. 



Tabus oi Constants oj Oils, Fats, and Wads. 
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IV.— Ybgetable Fats. 


136 TaBLSS OF OONffDAJ^PS OF OILS, FADS, AtfD WAXSS. 



At 100* F./1D0* F. t TTnaaponiflable matter, 88-10%. Fatty aaldi 57-61%. 











fcfltOHtfBT-HHT68L VALtttB OP 


OIt£, tAlS, AND WAX®. 18? 


Tablb showing EMOKHHT-Mmaai Values pob cmbxain 
O m, Fats, and "Waxes. 


(c. 0 . N/10 alkali required by 5 grams.) 


Almond oil 
Apricot kernel oil 
Araohis oil 
Beeswax . 

Oaoao butter . 
Castor oil 
Ooooa-nut oil . 
Cod-liver oil , 
Cotton-seed oil 
Croton oil 
Lord 


. 0*5 

0-0 

0 - 0 - 1-6 

0-84-0-64 

0 - 2 - 0-8 


11 
7-0-7 -8 
0-4-0-8 
0-7-0-0 
12-18-6 
0-5-0-77 


Linseed oil 
liaise oil 
Neat’B foot oil 
Niger seed oil . 
Nutmeg bntter 
Olive oil 
Palm oil 
Baps oil. 


Sperm oil 
Wheat oil 


o-o 

. 4—4'8 
0 - 0 - 1-2 
0 11-0-68 
. 1 - 4-2 
0 8 
O - 8 - 1-0 
0 - 0 - 0-8 
. 1-2 
0-6 
j 2—8 


Essential Oels. 


The following results were obtained in the laboratory of Sohimmel & 
Co., and are considered to have been established with oertainty.* 



IT 0. ^U5\ 

Botatlon observed directly In 100 
mm. tube with aodluin light 
<8 20*0. 

Oil of bergamot 

0-888--880 

+ 9* to +16* not above 20“ 

,, lemon . 

O- 868--801 

+ 69° to + 07° not below 69° 

,, orange (sweet) 

0-848--862 

+ 90° to + 68° not below 90° 

,i ,, (hitler) 

IF 

+ 92° to + 98° not below 92° 
(limonene) 


Oils and Pats. 

Table op Saponipioation Values. 

5 Grams Saponified. 

1 o.o. N/2 acid = 0-02806 gram KOH (log. 5-44798). 


No. of o-o. N/2 Saponin oation 
add used. value. 


No. of O.O. N/2 Sapontfloatlon 

add used. value. 


+ 0-1 0.0. =+0-60 


80-0 

108-80 

•2 

109-42 

•4 

170-64 

•0 

171 67 

■8 

172-79 


+ 01 o.o. = +0-60 

81-0 178-91 

•2 176-08 

•4 170-16 

■9 177-28 

•8 178-40 


* Prom Lmndolfs Optical Rotating Power qf Organic Substa noet , 
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OILS AND PAfiB. 


Oils and Fats. 

Table 01 Saponctioation Yaltjbs— continued. 

6 Grams Saponified. 

1 c. 0 . N/2 add=0-02805 gram KOH (log. 2-44798). 


No. of 0.0. N/S Saponification 

acid naed. value. 


82-0 

+ 0*1 0 . 0 . = +0"56 

179-52 

•2 

180-04 

•4 

181-70 

■6 

182-89 

•8 

184-01 

88-0 

18518 

■2 

186-26 

•4 

187 87 

•6 

188-50 

•8 

189'62 

84-0 

100-74 

■2 

191-80 

•4 

192-08 

"6 

194-11 

■8 

196-28 

86-0 

190-85 

•2 

197-47 

•4 

108-59 

•0 

199-72 

•8 

200-84 

80-0 

2O1?00 

•2 

208-08 

•4 

204-20 

•0 

205*88 

■8 

208-45 

87-0 

207-57 

•2 

208-09 

•4 

209-81 

•0 

210-94 


No. of 0.0. N /2 Saponification 

add mod. value. 


+ 0‘1 o.o. = +0-68 


87-8 

212-00 

88-0 

218 18 

•2 

214-80 

■4 

215-42 

■0 

210 55 

•8 

217-07 

89-0 

218-79 

•2 

219-91 

-4 

221-08 

•0 

22210 

■8 

228-28 

40-0 

224-40 

■2 

226-62 

■4 

220-64 

•0 

227-77 

■8 

228-80 

41-0 

280-01 

1-0 

6-61 

2-0 

11-22 

8-0 

10-88 

4-0 

22-44 

6-0 

28-05 

8-0 

88-00 

7-0 

89-27 

8-0 

44-88 

9-0 

50-49 

10-0 

60-10 


The Saponification Equivalent of a fafc is the number of grams that 
would be saponified by 1 litre of a normal solution of any alkali It 
is the quotient obtained by dividing 66108 by the saponification 
value. 
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Soluble ob Volatile Acids nr Butteh Fat. 
5 Grama Butter Fat being taken. 


SA 

AlkalL 

lo 

7. Soluble 
or Volatile 
Adda.* 

0.0. 

2, AML 

7. Soluble 
or Volatile 
Adda. 

0.0. 

AISaH. 

lo 

7. Bolnlile 
or Volatile 
Adda. 

1*0 

0-18 

18*6 

2*88 

28*0 

4*68 

1‘6 

0*26 

14*0 

2*46 

20*6 

4*80 

2*0 

0*85 

14*6 

2*66 

27*0 

4*76 

2-6 

0*44 

16*0 

284 

27*6 

4*84 

8-0 

0-58 

16*5 

2*78 

28*0 

4-98 

8-6 

0*62 

16-0 

2*82 

28*6 

6*02 

4-0 

0-70 

16*6 

2*90 

29*0 

6*10 

4*6 

0-79 

17*0 

2*99 

20*6 

6-19 

6-0 

0-88 

17*6 

8*08 

80*0 

6*28 

6 *6 

0*97 

18*0 

8*17 

80*6 

6-87 

6'0 

1*06 

18*6 

8*26 

810 

6*48 

6*5 

1*14 

19*0 

8*84 

81*6 

6-64 

7-0 

1*28 

19*6 

8*48 

82*0 

6*68 

7-5 

1*82 

20*0 

8*62 

82*6 

6-72 

8-0 

1*41 

20*6 

8*61 

88*0 

6*81 

8-5 

1*50 

21*0 

8*70 

88-6 

6-00 

9-0 

1*68 

21*6 

8*78 

84*0 

6*98 

8-6 

1*67 

22*0 

8*87 

84*6 

6*07 

10*0 

1*76 

22*6 

8*96 

85*0 

6*16 

10-6 

1*85 

28*0 

4-06 

— 


n-o 

1-94 

28*6 

4*14 

0*1 

0-02 

11-5 

2*02 

24*0 

4*22 

0*2 

0*04 

12-0 

2*11 

24*6 

4*81 

0*8 

0*06 

12*6 

2*20 

26*0 

4-40 

0*4 

0*07 

| 18-0 

2*29 

26*6 

4-49 


" — 


* Calculated u Batyrlc Add, C^H^Qa—8S, 
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DETERMINATION OP BUTTER-PAT IN MAJ&GARlNfl. 


Table foe the Determination of Butter-Fat in 
Margarine.* 


Beiohert-W ollny 
Number of the Mixture. 

4-0 . 

4-8 . 

4'8 . 

4- 9 

6-2 . 

5- 5 
59 

6'2 . 

6 - 6 . 

6-8 . 

7-1 . 


Percentage of Butter-Pat 
present In the Mixture. 
10 
11 
12 
18 
14 
16 
10 

17 

18 

19 

20 


Not *.—Since the above was issued margarine manufiioturers have 
largely introduced cocoa-nut oil into their prodnot 40 per cent, or more 
being sometimes used. The volatile acids thus derived may cause an 
unduly high percentage of butter-fat to be reoorded (see Ths Analyst, 


Table showing the Variations in Reichert-Wollny 
Number, etc., of Buttbb and Margarine, t 




Bntter. 

Margarine. 

Reiohert-Wollny number 

Mean. 

Varlationi. 


28‘4 c. 0 . 

21 "2-86 ac. 

O'O-O-S 0.0. 

Insoluble fatty aoids 

87-76% 

86-0-89-0% 

96-90% 

Soluble fatty acids 

Bntyro - refraotometer 
(Zeiss) at 86" 0. 

6'58% 

4-0-7-0% 

trace 

48-0 

48-8-49 

62-60 

Iodine absorption . 

Sp. gr. 100° F./100" 

87-4% 

81-0-42-0% 

60-00% 

0-9117 

0-9106--9122 

0-901--908 

Potash absorption. 

22-68% 

22-01-22 98% 

19-1-19-0% 


The Interdependence of the Physical and Chemical 
Obitebia in the Analysis op Buttes-Fat. 


During 1901-2 over four hundred samples of butter were taken 
from farms or creameries in various parts of the United Kingdom, 
including the Orkneys, Shetlands and Hebrides, the sam plafl n oi-ng 
specially selected with the view of ascertaining by analysis the 
extent to w h ic h the chemical nature of butter-fat is dependent on 
the c l i ma tic influences to which the cowb are exposed, on t he 
nature and amount of the food supplied, and on the breed, period 


* P rom the Be port of the offlaial method for determining the percentage of 
bntter-fat in margarine (see The Analyst, 1900, p. 810). 

t By H. Droop Biohmond, iee Appendix XXT. to the Final Report of Hie Depart¬ 
mental Committee on Butter Regulations, 1904. 
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of lactation, and idiosyncrasy of the individual cow. Of the 
samples collected, 357 were fully analysed in the Government 
Laboratory, and the results, which are folly recorded in' supple¬ 
ments to the report already referred to, form the subject of a paper 
with the above title* by Dr T. E. Thorpe, O.B., F.R.S. The 
results are s ummar ized in the subjoined table :— 


867 samples examined. 


Batter-fat. 


89 samples 

ao-Bjk) 


280 samples 

( 81 - 2 X )■ 


28 samples 
(7-9%). 


Beichert - Wollny 
number . . 22 ‘5 — 24 ‘6 

Sp. gr. 100° F./IOO 0 F. 0-0101 - -0108 
Saponification equiva¬ 
lent . . . 265 , 4-251‘8 

(Koettstorfer number) 210 "8 - 222*8 

Butyro - refraotoraeter 
(Zeiss) at 46° O. . 42 — 41 ‘6 

Soluble aoida t% • 4 -8 - 4 "7 

Iueoluble acide % . 00-1-88 *4 


25-6-80-5 
0-8110-‘0128 

251T-242-4 
228-0-231-0 

41-8-80-9 
4-8 -6-7 
80-8-87-0 


81-8-82-6 
0-9126- -0180 

2415-241-2 
281-0 - 282-2 

S9-7-89-4 
6 - 8 - 6-0 
87-9-87-7 


Dr Thorpe makes the following comments :— 

“ it will he seen that, in a general Benae, the relative density of 
butter-fat increases as the Reichert-Wollny number is augmented.J 
This would, of course, follow from the well-known fact that the 
glycerides of low molecular weight have a greater density than the 
glycerides of the higher fatty acids which occur in butter.” . . . 
“ Speaking broadly, the variations of the saponification numbers 
are in inverse relation to those of the Beichert-Wollny values and 
the relative densities .% . . . The Zeiss numbers generally decrease 
in magnitude as the Reichert-Wollny values increase, but the rate 
of diminution is not regular.” X 


Board of Agriculture Rules. 

Sale of Butter Regulations, 1902. 

Where the proportion of water in a sample of butter exceeds 10 
per cent., it sha ll be presumed for the purposes of the Sale of Rood 
and Drugs Acts, 1875 to 1899, until the contrary is proved, that 
the butter is not genuine by reason of the excessive amount of 
water therein. i . 

This regulation extends to Great Britain, and came into operation 
on 15th May 1902. 


* Joum, Chem. Son., 1904, pp. 248-266. 

t Calculated as butyric acid. , 

t The*© relations are deduced from curves plotted from the averages oi uie 
various analytical results. 
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The Departmental Oommittee on butter regulations, in their 
Pinal Report, dated let December 1903, recommend :— 

(1) That the figure 24, arrived at by the Rei chert-Wollny 
method, should be the limit below which a presumption should be 
raised that butter is not genuine. 

(2) That the use of 10 per cent, of sesam4 oil in the manufacture 
of margarine be made compulsory. 

(3) That steps should be taken to obtain international co-operation. 

Two mem bers of the Oommittee, however, favoured the Reichert- 

Wollny number of 23 instead of 24. A third member, wbo did 
not sign the Report of the majority, stated in a separate report 
that be considered it wonld be “ highly dangerous ” to fix any 
limit at present. 


Calculation op the Results op Mtt.tt Analyses. 


According to the “ Sale of Milk Regulations, 1901 ” (see p. 143), 
milk is to be presumed not to be genuine if the non-fatty solids 
fall below 8'5 per cent, or the milk-fat below 3 per cent. 

The calculation of the amount of added water in the case of 
samples whose non-fatty solids fall below the above limit is made 
as follows :— 

Since 8-6 parts of non-fatty solids correspond to 100 parts of 
genuine (i.e., presumably genuine) milk, S parts of non-fatty 

solids correspond to ^xS of genuine milk ; and 100 parte of 
the watered sample will contain 

jqq_ 100_S_100 (g.g_g) 0 f added water. 

Since log. ^55=1*07088, we have 
o'O 

log. of percentage of added water=1-07068 + 

log. (8'6-per cant of non-fatty 
solids found). 

We will now consider two examples. 


Example L 

Non-fatty s olids . . 7’60 per cent 

Fat.2-80 ,, 

Example I. 8-60-7-60=0'90. 

1-07068 
log. 0-9 1-96424 


Example n. 
789 
2-26 


1-02482=log. 10-0 at least 10 per cent, of added 
. water. 

A mixture of 90 parts of genuine miiy and 10 parts of 

added water should contain 3=2-7 per cent, at least of fat 

The sample contains 2-8 per cent., and hence contains proportion¬ 
ately a little more fat than that given in the Regulation: 
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Example II. 8‘50-7‘89«= 0 * 81 . 

1 *07068 
log. 0-81= 1*78633 


Q '86591 =log. 7*2 .*. at least 7 per cent of added water. 

A mixture of 93 parte of genuine milk and 7 part? of 
added water should contain 0*93x3*= 2-79 per cent, at least of 
fat. The sample contains only 2 "26 per cent., and is, therefore, 
100 (2 *79 — 2*261 ” 

-per cent, deficient in milk-fat as well. 

Nats .—The ^ results given above can be expressed in a different 
way. Thus, in Ex. L we have 90 parts of genuine milk mixed 
with 10 parte of water: or to 100 parts of millr n*i part* of 
water have been added—hence, on this view, the sample has been 
diluted with 1 IT per cent, of added water. Similarly, a milk 
that consisted of equal parts of milk and water would be said to 
be diluted with 100 per cent, of added water. Seeing, however, 
that the real issue at stake is the composition of the article 
supplied to the purchaser, the statement that a Bample of “ millr ” 
contains, e.g., 90 per cent of genuine milk and 10 per cent of 
added water is considered decidedly preferable. 

Board op Agriculture Bulbs. 

Sale of Milk Regulations, 1901. 

Milk 

1. Where a sample of milk (not being milk sold as skimmed, or 
separated, or condensed, milk) contains less than 3 per cent of 
milk-fat, it shall be presumed tor the purposes of the Sale of Food 
and Drugs Acta, 1876 to 1899, until the contrary is proved, that 
the milk is not genuine, by reason of the abstraction therefrom of 
milk -fat, or the addition thereto of water. 

2. Where a sample of milk (not being milk sold as skimmed, or 
separated, or condensed, milk) contains less than 8‘6 per cent of 
milk-solids other than milk-fat, it shall be presumed for the 
purposes of the Sale of Food and Drugs Acts, 1876 to 1899, until 
the contrary is proved, that the milk is not genuine, by reason of 
the abstraction therefrom of milk-solids other than milk-fat, or 
the addition thereto of water. 

Shimmed or Separated MiOt. 

3. Where a sample of skimmed or separated milk (not being 
condensed milk) contains less than 9 per cent, of milk-solids, it 
Bhall be presumed for the purposes of the Sale of Food and Drugs 
Acts, 1876 to 1899, until the contrary is proved, that the milk is 
not genuine, by reason of the abstraction therefrom of milk-solids 
other than milk-fat, or the addition thereto of water. 

The above regulations extend to Great Britain, and came into 
operation on 1st September 1901. 



MILK ANALYSIS. 

■ Tfia Pbbokntagb Deficiency o? Hon-patty Soltds 
in Mile, in woh thjbh abe below the Legal 

OP 8'6 PEB, OENT. 


Deficiency 
In N.P.B. 

X Non-fatty 
Solids. 

1 X Deflotenoy 
la N.F.S. 

X Non-fatty # Deficiency 
Solids. in N.F.S. 

62-04 

6-6 

86-20 


17-06 

6170 

•0 

8412 

•1 

16-47 

60-69 

•7 

82-04 

•2 

15-29 

40-41 

•8 

31-70 

•8 

14-12 

48-24 

•0 

80-60 

•4 

12-94 

47-06 

0-0 

29-41 

■6 

1170 

45-88 

•1 

28-24 

‘6 

10-69 

44-71 

■2 

27-00 

•7 

9-41 

43-63 

•8 

26-88 

■8 

8-24 

4286 

■4 

24-71 

•9 

7 00 

41-18 

-6 

23-63 

8-0 

6-88 

40-00 

•6 

22-36 

•1 

471 

89-82 

7 

21-18 

■2 

3-63 

87-06 

•8 

20-00 

■8 

2-86 

80-47 - 

•9 

18-82 

•4 

1-18 


M 

•02 

•03 

•04 

•05 

■00 

■07 

08 

09 


•28 

m 

■47 

•69 

71 

•82 

-94 



pie of “milk" containing 7'26% of non-fatty Bolids would 
jficienoy of 16-20-■71 = 14-68%. 


owing the Deficiency in Fat in 0reamed Mtt.-it. 


Deficiency 
In Pat. 

X Milk-fat. 

X Deficiency 
In Pat. 

% Milk-fat. 

X Deficiency 
In Pat. 

90-67 

1-1 

08-88 

2-1 

80-00 

98-88 

•2 

60-00 

■2 

26-07 

90-00 

•8 

66-07 

■3 

28 88 

86-07 

•4 

58-83 

■4 

20-00 

88-88 

■6 

50-00 

•6 

1667 

80-00 

•0 

46-67 

■0 

18-88 

70-67 

7 

48-83 

■7 

10-00 

78-88 

■8 

40-00 

-8 

6 07 

70-00 

•9 

80-07 

■9 

8-88 

60-07 

2-0 

33-38 1 

f • • 



01 

•02 

•08 

■04 

•06 

•00 

■07 

■08 

■09 

33 



1-88 

1-67 


2-88 

2-07 

8-00 



I 


Mile Analybib. 

























Table to find the sp. gr. of Milk at <50° Pah. from ita sp. gr. at any Temp er at u re between 50* and 70° Pah- (water=1000). 
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PBBSBBVATIYBS IN MILK AND OBHAM. 


Prbsbbvattvbs in Milk, and (Urban. 

The Local Government Board have recently issued a Draft of 
“ The Public Health (Milk and Cream) Regulations, 1912,by which 
the addition of any preservative substance to milk (including 
separated, skimmed, condensed, and dried milk), or to cream con¬ 
taining less than 40 per cent, by weight of milk fat, is prohibited. 
The addition of any thickening substance* to cream, whether con¬ 
taining preservative or not, is also prohibited. These regulations 
will come into operation on June 1, 1912. 

dream containing 40 per cent, or more by weight of milk fat may 
contain no preservative substance other than 

(i) Boric acid, borax, or a mixture of these preservative substances. 
—the article to he described, in such cases, as Preserved Cream, and 
the amount of preservative, calculated as boric acid (HgBOg), to be 
specified on the label thus : “ Preserved dream containing Boric Acid 
not exceeding — per cent” t 

(ii) Hydrogen peroxide, in amount not exceeding 0-1 per cent by 
weignt—the cream being labelled “ Preserved dream Peroxidised.” 

These latter Regulations will not come into operation till January 
1, 1913. 


Quinine. 


Hydrochloride of Quinine, 
djoH^NgOa, Hdl, 2H a O. 
=.396-712 


Sulphate of Quinine, 

IBHjO. 

= 1763-26 


Percentage composition. 
“.NjOa . 8178 

11 . . . . 9-10 

HaO .... 0'O8 


100-00 


To convert 
OsoHaiNjOg into 
.. 2 [( 


Percentage composition. 
OaoH^NaOa . . 78*65 

Hsj30 4 . . 11-12 

HaO .... 16-38 


100-00 


Multiplier. 

K a Oa, HOI, 2HgO 1 -2286 

HaSOJ, 15HaO i 1*860 


Lop:, to be added. 

0-087 6462 
0-188 4278 


Tincture of Quinine, B.P. 1898, contains 2 grams of hydrochloride 
of quinine in 100 c.c. 

* £«. anomie of lime, gelatin, a torch pajrfce, eta; but neither o&ne nor beet anger 
ahall be regarded u a preaerratlve or as a thickening aubatance. 
f No mention la mode of the mgrlmnn) amount of borio sold that wjll be allowed, 
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E. W. T. Jonbs’s Mbthod pob thb Estimation op Ohioobt in 
Mutubbs of Oopfbh and OsacoBY. 


The sample is dried in the water-oven, and 6 grains are weighed 
mto a large porcelain dish. About 200 ac. of water are added, and 
boiled for 16 minutes- After allowing a minute or two for settling, 
the liquid ia strained through a piece of copper gauze placed in a 

funnel intvi A (Uin.i'.ii moAjrnrinrr float aota hninrr toVon 1r\ 


(To Face Page 146). 

The Public Health (Milk and Cream) Regulations, 
1912,” were issued on August 1, 1912. They differ 
from the Draft, as summarized on page 146, in the 
following respects :— 

For 40 per cent.” (of milk fat) read “85 per cent.” 
For “June 1, 1912 ” read “October 1, 1912 .” 
Paragraph (ii) should be 

(ii) Hydrogen peroxide—the cream being labelled 
Preserved Cream (Peroxide).” 


•48»=E-24. 
E - 24 
x ~ -40 


Putting w= 1, we find E = 24'46, and the table on page 148 ia in this 
way easily calculated. 

Note. By the above method E. W. T. Jones obtained the excellent 
results recorded in The Analyst, 1882, 7, 76, in the case of the 
Birkenhead u Coffee ” samples. 


Lhad in Tabtario and Oitbio Acids and in Obbam 
op Tartar. 

Dr MacFadden, in a Report to the Local Government Board,* 
recommends the adoption of a limit of 0'002 per cent, (approxi- 
mately 1th grain per lb.) of lead as impurity in tartaric acid, citric 
acid, and cream of tartar. 

* Report (N°. 2) on Lead and Arsenic In Tartaric Acid, Oltrio Add and Cream of 


148 OOFFHB AUD OHIOOBT TABLB. 

Tab LB SHOWING thb Percentage oi Ohioobt with Ooffee FB01I 
THE PERCENTAGE OF AQUEOUS EXTRACT. 


Extract per 
cant. 

Chicory per 
oent 

Extract per 
cent. 

Chicory per 
oent 

Extract par 
cent. 

Chicory 

cent 

24-46 

i 

40-10 

86 

66-28 

68 

•02 

2 

■66 

86 

-74 

60 

26-88 

8 

41-02 

87 

66-20 

70 

•84 

4 

■48 

88 

•66 

71 

26-80 

6 

-04 

89 

67-12 

72 

•76 

6 

42-40 

40 

•68 

78 

27-22 

7 

■86 

41 

68-04 

74 

•68 

8 

48-82 

42 

■60 

76 

28-14 

9 

■78 

48 

•90 

70 

■60 

10 

44-24 

44 

69-42 

77 

29 06 

11 

-70 

46 

■88 

78 

■62 

12 

46-16 

46 

60-84 

79 

■98 

18 

•62 

47 

•80 

80 

80*44 

14 

48-08 

48 

61-20 

81 

■00 

16 

•64 

40 

■72 

82 

81-86 

16 

47-00 

60 

62-18 

88 

■82 

17 

-46 

61 

■64 

84 

82-28 

18 

•02 

62 

08-10 

86 

•74 

10 

48-88 

68 

•60 

86 

88-20 

20 

■84 

64 

04-02 

87 

■66 

21 

49-80 

66 

■48 , 

88 

84-12 

22 

•76 

66 

-04 

80 

■68 

28 

60-22 

67 

06-40 

00 

86-04 

24 

■68 

68 

•80 

91 

•60 

26 

61-14 

60 

00-82 

92 

■96 

26 

■60 

00 

•78 

03 

86-42 

27 

62-06 

81 

67-24 

94 

■88 

28 

•62 

62 

■70 

06 

87 84 

29 

•98 

63 

08-10 

96 

■80 

80 

68'44 

64 

•62 

07 

88-28 

81 

■00 

66 

69-08 

98 

■72 

82 

64-86 

66 

•64 

00 

8018 

88 

■82 

67 

70-00 

100 

’64 

84 
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Food Prbbhbva.tivb8. 

• -D?P art ? ieri t ia l Committee on Food Preservatives appointed 
m 1899 in their Report,* issued in 1901, make the following 
reoommeudationfl:— ° 

(a) That the use of formaldehyde or formalin, or preparations 
thereof, in food or drinks, be absolutely prohibited, and 
that salicylic acid be not used in a greater proportion than 
1 grain per pint in liquid food and 1 grain per pound in 
solid food. Its presence in all cases to be declared. 

(o) That the use of any preservative or colouring matter what¬ 
ever in milk offered for sale in the United Kingdom be con¬ 
stituted an offence under the. Sale of Food andDrugs Actaf 

(o) That the only preservative which it shall be lawful to use in 
cream be Doric acid, or mixtures of boric acid unH borax, 
and in amount not exceeding 0'2B per cent, expressed as 
boric acid. The amount of such preservative to be notified 
by a label upon the vessel 

(d) That the only preservative permitted to be used in butter 

and margarine De boric acid, or mixtures of boric acid and 
borax, to be used in proportions not exceeding O'B per cent, 
expressed as boric acid. 

(e) That in the case of all dietetic preparations intended for the 

use of invalids or infants, chemical preservatives of all 
kinds be prohibited. 

(/) That the use of copper salts in the so-called greening ol pre¬ 
served foods be prohibited. 

(g) That means he provided either by the establishment of a 
separate court of reference, or by the imposition of more 
direct obligation, on the Local Government Board, to exercise 
supervision over the use of preservatives and. 'colouring 
matters in foods, and to prepare schedules of such as ma y 
he considered inimical to the public health. 

With regard to the recommendation marked (J\ Dr Tunnicliffe, 
a member of the Committee, points out the value of appearance in 
rendering foods appetising, and recommends that not more than 
the equivalent of half a grain of metallic copper per pound wlim-ilr) 
be allowed to be added, the actual amount used being declared. 

Arsenic in Food. 

In the Final Report of the Royal Commission appointed to in- 

a uire into Arsenical Poisoning, issued in November 1903, the 
b mim s fl ionera state (Port VIII., p. 60), that “In our view it 
would be entirely proper that penalties should be imposed under 
the Sale of Food ana Drugs Acts upon any vendor of beer or any 
other liquid food, or of any liquid entering into the composition 

* Report of Departmental Committee on Preservatives and Colouring Matters in 
Food, 1901, pp. xxz and ml. 

t Sea also Circular Issued by the Local Government Board. July 11,1906 (rrorinted 
In The Analyst, 1906, 31, 878). 
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DATA IN HHAT AND THERMO-OHHMIHTRY. 


of food, if that liquid is shown by an adequate teat to contain ^-jUth 
of a grain or more of arsenic in the gallon; and, with regard to 
eolid rood—no matter whether it ia habitually consumed in large 
or in small quantities or whether it ia taken by itself (like golden 
syrup) or mixed with water or other substances (like chicory or 
‘ carnos’)—if the substance is shown by an adequate teat to contain 
■j^rth grain of arsenic or more in the pound-” 

Note .—In the above “ arsenic ” is taken to mean arsmioua oxide 

(AflA). 

Data in Heat and Therm o-Chnmibtry. 


The O.G.S. unit of heat is the calorie, which is the quantity of 
heat required to raise 1 gram of water through 1° 0. 

A large or major calorie is the quantity of heat required to raise 
1 kilogram of water through 1° 0. 

A British Thermal Unit (B.T.U.) is the quantity of heat required 
to raise 1 lb. of water through 1° Fah. 

1 (large) calorie=3‘968 B.T.U. (log. 0*59857). 

1 B.TTJ. — 0*262 (large) calories (log. 1*40143). 

The values of the mechanical equivalent of heat, that is, the 
number of units of mechanical work equivalent to one unit ofheat, 
or Joule’s equivalent (designated by the letter J), are usually taken 
to be as follows:— 


777 foot-pounds are equivalent to 
1399 ,, „ „ 

426*3 Mlogrammetres „ „ 


1 B.T.U. (lb. deg. Fah.). 

1 lb. deg. 0. 

1 kilogram-deg. 0. or kilo¬ 
calorie. 

1 gram-deg. 0. or calorie. 


4*180 joules* „ 

The water for the heat units is supposed to be taken at 20° 0. 
(68° F.) and the degree of temperature is supposed to be measured 
by the hydrogen thermometer. 

Heat evolved in calories (water-gram-degrees) on burning 1 
gram of:— 

Hydrogen to water at 0° C. 

Oarbon to carbon dioxide 


,, ,, monoxide 

Goal 

Anthracite 
Coke 

Wood (with 20 per cent, water) 

„ (air-dried) . 

„ (dried at 120° 0.) 

Peat (air-dried) 

Lignite ...... 

The latent heat of water is 80 (gram-deg. 0, 

The latent heat of steam is 537 (gram-deg. 6.) or 967 in B.T.U. 


. 34000 

. 8080 
. 2400 

8300-6400 
. 8000 
7100-6860 
2760 
. 2900 

. 3600 

3000-3500 
3500-5000 
.) or 144 in B.T.U. 


* The Joule li the practical unit of work In the O.G.S. lyrfcem. It equals 10 
mDl]ou(or 10*0 absolute unite of work (erg*). 
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The Determination op the Oaloripio Power op 
Fuel by Thompson’s Calorimeter. 

Although recent comparative experiments with different types of 
calorimeter * have conclusively proved the superiority of Mahler’s 
Bomb Calorimeter above all other forms, still, owing to the expense 
of the instrument, it seems unlikely to come into general use at 
present. And since Thompson’s Calorimeter is so largely need, 
the following details of manipulation are given, so that the beet 
results the instrument is capable of giving may be obtained.t 
In the first place it shonld be noted that for coals of an 
anthracitic character, yielding more than 87 per cent of coke, or 
for coke itself, Thompson’s Calorimeter is not suited as an 
indicator of their comparative calorific power, for the simple 
reason that some of the carbon is so graphitic in its nature that 
it will not bum perfectly when mixed with nitrate and chlorate of 
potash; but with bituminous and semi-bituminous coals the 
appaiatufl yields very satisfactory results. ... 

freparJivn of the sample of coal .—Sample the coal until an 
average portion passes through an 8-mesh sieve. Take about SO 
grains of this anfmn through a (fc-mesh sieve, taking care that 
the whole sample selected is thus treated. Then dry at 100 C., 
and use the dried coal for making the determination. , 

Preparation of the oxidizing mta*urfl.—Potaflmum nitrate and 
chlorateaxe used in the proportion of 1 part of nitrate to 3 of 
chlorate. These are first thoroughly dried, ground separately, and 
sifted through a 30-mesh sieve-a finer powder h^gprejudiaal; 
The powders are then mixed in the proportions stated, and kept 

“p^'S^^Xoxford cotton is soaked in a modemtely 

strongsolntion of potassium nitrate, and d ^ d ; 1 
khouM bum a little too quickly. It should then be rubbed 
Stamen two pieces of doth until it bums just freely enough 
Four cotton Btrands are twisted together, cut into |-mch lengths, 

temperatSeof the room, and regulate the temperature of the 
water used hy the following table. t 


Temperature of room. 


80° F. 

(20*7° 0.) 

72° 

(22-2° C.) 

87° 

(19 4° C.) 

60* 

(is -e 0 o.; 

66* 

(^•s 0 a; 

60° 

(10° 0.) 

42° 

(6'6* 0.) 


Water should be it. 

70° F. (21-l 8 0.) 
64° (17-8° C.) 

80° (16'0° 0.) 

64° (12 *2 8 0.) 

60 ° ( 10 ° 0 .) 

40° (7-8° 0.) 

40* (4-4° 0.) 




J. w. Thom a* In 
e author. 
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Instead of simply filling up to the 29,010 grain mark, it is more 
accurate to measure out 2 litres, less 116 c.c., since 29,010 grama of 
water occupy 1884 c.c. A tall narrow cylinder with a single mark 
servM to measure the 116 ac. to be withdrawn from the second 
litre before pouring in. Put a thermometer into the water and 
leave it there while weighing out the coal. 30 grains of the dried 
coal are intimately mixed with 330 gr ains of the oxidizing mixture; 
best with a spatula rather than in a mortar. Introduce the mixture 
into the cylinder pressing down in small portions at a 

time with a test-tube; ao not tap. Put in the fuse, opening out 
its lower end in the mixture. 'Then read the thermometer, light 
the fuse and place the cylinder, with its Bland and oover, quickly 
in the jar. The combustion should occupy between one and two 
minutes. At its conclusion the stopcock is opened and the whole 
moved up and down in the liquid with the thermometer, the latter 
being read three or four times, and its maximum reading noted. 
An example will show the mode of calculating results. 

Temperature of room .60° F. 

„ water after combustion . . . 671 

„ „ before combustion . . . 644 

Increase 12*7 
+** 1*27 

Evaporative power of the coal, vs. number of lb. of 

water at 212° F. evaporated by 1 lb. of the dried coal 13*97 


13*97 x 637 =*7602 calories, vs. grams of water heated 1° 0. by 1 
gram of the coal. 

13*97 x 967 = 13609 British Thermal Units, or number of lb. of 
water heated through 1° Pah. by 1 lb. of the coal. 

The evaporative power of the coal in its original state can he 
calculated as follows:— 


Suppose the above coal to have 11*6 per cent, of moisture, 
then 1 lb. contains *885 lb. of dry cod, 
and *116 lb. of moisture, 

*886 x 13*97-12*36. 

The quantity of heat required to raise 0*116 lb. of water from 
60° to 212° F.. and to convert the boiling water into steam, is 
(162 + 987) x *116 pound-degree Pah. units, 
which has an evaporative power of 
1119 x *116 

■=0*13 lb. 


967 


* As addition of 10 par cent, la mads to allow for the heat abiorbed by the copper 
cylinder and stand and for carbon not completely burned. It baa been found to 
be too email In moot oases, and an Increase to 16 per oeut. baa been suggested 
by Sobeurer-Eestner. 
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Hence the evaporative power of the original coal is 12'38— ‘13 m 
12-23 lb. 

Since ^-j^=l-16, the amount to be finally deducted is obtained by 

simply multiplying this number by the amount of water contained 
in 1 lb. of coal 

When the ul tima te analysis of a dry coal is known, the calorific 
value (in calories) nan be approximately calculated by the following 
formula:— 

Q=jL 18140 C + 34600 (H - + ) + 2220 s| 

=81-4 0 + 43-125 {8 H-(0 + N) + l} + 22-2 S. 

Thus, the analysis of a dry coal gave 

0 90-09 ; H 3-85 ; (O + N) 3-61 ; B 0-77. 

Hence Q=81‘4 x 90-09 +43 T25 {8 x 3-85 - 3'61 +1} 

+22-2 x-77 

=7333+1216+17 
= 8566 

Mahler’s calorimeter gave 8629 calories. 


Eleotrioai Uim?a 


The ohm is the resistance offered to an unvarying electric current 
by a column of mercury at 0° 0., 14’4521 grams in mass, of a 
constant cross-sectional area, and of a length of 106'3 cm. 

The ampere is represented by the unvarying electric current 
which, when passed through a 10 per cent, aqueous solution of 
silver nitrate, deposits silver at the rate of 0-001118 gram per 
second. 

The volt is the electrical pressure that, if steadily applied to a 
conductor whose resistance is one ohm, will produce a current of 

( 1000\ 

of the 

electrical pressure at 15* O. between the poles of a standard Clark’s 
OelL 

Table op Blbotbo-Ohbmioal Eqinv abbots. 

(In grams per coulomb.'*) 


Hydrogen 
Potassium 
Sodium . 
Gold 
Silver 
Copper lie) 

„ (OUfl) 

Mercury (ic) 

„ (o^) 

Tin (io) 


■iff 



. 0-000010884 

Iron (oub) . 



. 0-0004068 

.. (io) - 

Nickel 



. 0-000-2388 



. 0-0006791 

Ziuo 



. 0-001118 
. 0-0003281 

Lead 

* 


. 0-0006652 

Oxygen 
Chlorine . 



. 0-0010874 

. 


. 0-0020748 

Iodine 



. 0-0003068 

Bromine 



. 0-0006116 

Nitrogen . 



_i ooulomb li 

In one eeeond (alio 


called au ampere-tecond). 


0-0002902 
0-0001986 
0 0008048 
0-000887 
0-0010716 

0-00008286 
0-0003678 
0-001314 
0-0008282 
0-0000486 
iolone ampere 
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elbotbioal units. 


The values given on p. 153 are obtained by multiplying 
)-000010384 (the electrochemical equivalent of hydrogen) by 

ihe fraction atonuo we ^_ of each element. 

valency _ . . , . . 

The prefix meg- means a million times the unit to which it ib 


The prefix micro- means a millionth part of the unit to which it 

^ ^Thusa meg ohm is a million ohms, and 1 microvolt is a millionth 

°* The°watt is the power of a current of 1 ampere flowing under a 
pressure of 1 volt It equals y4g- of one horse-power. 

1 kilowatt=1000 watts=44,240 ft-lb. per min. 

= 1-34 horse-power. 

1 electrical horse-power=748 watts =33,000 ft-lb. per min. 

1 B.T.U. =3,600,000 watt-seconds, or 3'8 x 10® watt-seconds. 

1 kilowatt-hour=1*34 horse-power boms. 

1 French br metric horse-power=75 kilogrammetrea per sec. 

=32,549 ft.-lb. per min. 

= 736 watts. 

= 0-0863 British horse-power. 

1 British horse-power = 1-01385 French horse-power (force de 

^Board of Trade Unit (B.T.U.). For commercial purposes 
electrical energy is measured in units of 1000 watt-hours each, 
known as Board of Trade u n its. 

1 B.T.U. = horse power-hours. 


Bulbs bob thb Conversion or Thbbmoitbtbio Degbeks fbom 
onh Scale into Another. 


To Convert 

Bales. 

° F. into ° 0. 

° F. into ° R. 

8 0. into ° F. 

° 0. intp ° R. 

° R. into 8 F. 

8 R. into 8 0. 

First subtract 82, then multiply by 5 and divide by 9. 
First subtract 82, then multiply by 4 and divide by 9. 
Multiply by 9 and divide by 5, then add 82. 

Multiply by 4 and divide by 5. 

Multiply by 9 and divide by 4, then add 82. 

Multiply by 5 and divide by 4. 


JTots. —Perhaps the simplest rule for the conversion of “0. into °F. 
is the following :— 

Double the number of degrees, subtract one-tenth, then add 32, 


Thus 


90° 0. 90 x 2 = 180-18 = 162 + 32 = 194° F. 


THBBMOMBPraiO TAB LBS. 
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CONVBBJJIOK 0 V THB DIFFUIUINT ThBEMOMBTKIO SCALES. 

Tablb I. 


Fijra. 

Reatun. 

Cent 

600 

208 

200 

409 

207-6 

259-4 

408 

2071 

258-9 

407 

2007 

258-8 

406 

200-2 

267-8 

406 

206-8 

-257-2 

404 

205-8 

2567 

403 

204-9 

266-1 

402 

204-4 

265-0 

491 

204 

256 

400 

208-0 

264-4 

480 

208-1 

253-9 

488 

2027 

268-8 

487 

202-2 

262-8 

486 

2018 

262-2 

486 

201-8 

251*7 

484 

200-0 

261-1 

488 

200-4 

260-6 

482 

200 

260 

481 

100-6 

249-4 

480 

199-1 

248-9 

479 

1087 

248-8 

478 

198-2 

247-8 

477 

197-8 

247-2 

476 

107-8 

246-7 

476 

100-9 

240-1 

474 

196-4 

245-6 

478 

100 

245 

472 

105-0 

244-4 

471 

1961 

248*0 

470 

1947 

248-8 

469 

194-2 

242-8 

468 

198-8 

242-2 

467 

198-8 

2417 

466 

192-9 

241-1 

466 

192-4 

240-5 

464 

192 

240 

468 

191-0 

289-4 

462 

191-1 

288-9 

461 

1907 

288-8 

460 

190-2 

287-8 

460 

180-8 

287-2 

468 

189-8 

2867 

467 

188-9 

286-1 

466 

188-4 

236-6 

455 

188 

286 

464 

187-0 

284-4 

468 

1871 

288-9 


L 


Fihb. 

Beanm. 

Cent 

452 

186-7 

288-8 

461 

188-2 

282-8 

450 

186-8 

282-2 

449 

186-8 

2817 , 

448 

184-9 

281-1 ■ 

447 

184-4 

280-6 

446 

184 

280 

446 

188*0 

220-4 

444 

183-1 

228-9 

448 

182-7 

228-8 

442 

182-2 

227-8 

441 

181-8 

227-2 

440 

181-8 

2267 

439 

180-9 

226-1 

488 

180-4 

226-6 

487 

180 

225 

480 

179-6 

224-4 

436 

179-1 

228-9 

484 

1787 

228-3 

483 

178-2 

222-8 

432 

177-8 

222-2 

481 

177-8 

2217 

430 

176-9 

221-1 

429 

178-4 

220-6 

428 

176 

220 

427 

176-6 

21P-4 

426 

176-3 

218-9 

425 

174-7 

218-8 

424 

174-2 

217-8 

423 

178-8 

217-2 

422 

178-8 

2167 

421 

172-9 

216-1 

420 

172-4 

215-6 

419 

172 

215 

418 

171-6 

214-4 

417 

171-1 

213-9 

416 

1707 

213-8 

416 

170-2 

212-8 

414 

169-8 

-212-2 

413 

109-8 

211-7 

412 

168-9 

211-1 

411 

108-4 

210-0 

410 

108 

210 

409 

167-6 

209-4 

408 

167-1 

208-9 

407 

1667 

208-8 

400 

166-2 

207-8 

406 

166-8 

207-2 


Fahh. RAa nrn. Cent. 


404 

165-8 

2067 

403 

164-9 

200-1 

402 

104-4 

206-0 

401 

164 

206 

400 

168-0 

204-4 

899 

1081 

208-9 

808 

1627 

208-8 

897 

162-2 

202-8 

806 

161-8 

202-2 

806 

101-8 

2017 

894 

160-9 

201-1 

898 

160-4 

200-6 

802 

100 

200 

891 

169-0 

100-4 

890 

159-1 

198-9 

389 

1687 

198-8 

888 

168-2 

197-8 

887 

167-8 

107-2 

886 

167-8 

1067 

886 

160-0 

196-1 

884 

150-4 

106-0 

888 

150 

196 

882 

165-6 

104-4 

881 

165-1 

108-9 

880 

1647 

198-8 

879 

154-2 

102-8 

878 

158-8 

192-2 

877 

163-8 

1917 

876 

162-9 

191-1 

875 

162-4 

100-fl 

874 

162 

190 

878 

161-8 

189-4 

872 

161-1 

188-9 

87 J 

1607 

188-8 

87.0 

160-2 

187-8 

809 

149-8 

187-2 

868 

149*8 

186 7 

807 

148-9 

186-1 

866 

148-4 

186-fl 

866 

148 

186 

864 

147-6 

184-4 

863 

147-1 

183-9 

862 

1467 

183-8 

861 

146-2 

182-8 

360 

146-8 

182-2 

860 

145-8 

1817 

868 

144-9 

181-1 

867 

144-4 

180-6 
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THBBMOILBTBIG TABLES. 


OONTEBSION OP THH DUFERBHT THBRMOMBTRIO SOAIBS. 

Tablb I.— ovnUnwd. 


Fahb. 

Retmn, 

Cent. 

•ffiTTR 

Seaum. 

Cant. 

Fiim. 

Return. 

Gent 

866 

144 

180 

808 

122-7 

158-3 

200 

101 -8 

120-7 

856 

148‘6 

179 4 

807 

122-2 

152-8 

269 

100-9 

120-1 

864 

148-1 

178-9 

806 

121-8 

162-2 

258 

100-4 

126-0 

863 

142-7 

178-8 

806 

121-8 

161-7 

257 

100 

125 

862 

142-2 

177-8 

804 

120-9 

151-1 

256 

99-6 

124-4 

861 

141-8 

177-2 

808 

120-4 

160-8 

266 

99-1 

128-9 

860 

141-8 

176-7 

802 

120 

160 

-264 

98-7 

123-8 

846 

140 - 6 ' 

170-1 

801 

119-6 

149-4 

258 

98-2 

122-8 

848 

140-4 

176-0 

800 

119-1 

148-9 

2 B 2 

97-8 

122-2 

847 

140 

176 

299 

118-7 

148-8 

251 

97-8 

1217 

846 

189-6 

174-4 

298 

118-2 

147-8 

250 

90-9 

1211 

846 

189-1 

178-9 

297 

117 -8 

147-2 

249 

96-4 

120-0 

844 

138-7 

178-8 

296 

117-8 

146"7 

248 

96 

120 

848 

188-2 

172-8 

295 

116-9 

1401 

247 

95-0 

119-4 

842 

187-8 

172-2 

294 

116-4 

146-0 

246 

96-1 

118-9 

841 

187-8 

171-7 

293 

116 

145 

246 

94-7 

118-3 

840 

180-9 

171-1 

292 

115-6 

144-4 

244 

94-2 

117-8 

886 

186-4 

170-0 

291 

115-1 

143 9 

248 

08-8 

117-2 

888 

186 

170 

290 

114-7 

148-8 

242 

98-8 

110-7 

887 

186-0 

109-4 

289 

114-2 

142-8 

241 

92-9 

110-1 

886 

186-1 

108-9 

288 

118-8 

142-2 

240 

92-4 

116-0 

886 

184-7 

108-8 

287 

118-8 

141-7 

289 

92 

116 

884 

184-2 

167-8 

286 

112-9 

141-1 

288 

91-6 

114-4 

883 

183-8 

107-2 

286 

112-4 

140-6 

237 

91-1 

118-9 

882 

188-3 

160-7 

284 

112 

140 

286 

90-7 

118-8 1 

881 

182-9 

168-1 

283 

111-6 

189-4 

285 

90-2 

112-8 

880 

182-4 

106-6 

282 

111-1 

138-9 

284 

89-8 

112-2 

826 

132 

165 

281 

110-7 

138-8 

238 

89-8 

111-7 

828 

131-6 

104-4 

280 

110-2 

187-8 

232 

88-9 

111-1 

827 

181-1 

L 0 S -9 

279 

109-8 

187-2 

281 

88-4 

110-6 

326 

180-7 

103-3 

278 

109-8 

186-7 

230 

88 

110 

825 

180-2 

102-8 

277 

108-9 

1801 

229 

87-0 

109-4 

824 

129-8 

102-2 

270 

108-4 

186-6 

228 

87-1 

108-9 

828 

129-3 

161-7 

276 

108 

186 

227 

80-7 

108-8 

822 

128-9 

161-1 

274 

107-0 

184-4 

226 

80-2 

107-8 

821 

128-4 

100-6 

273 

107-1 

183-9 

225 

86-8 

107-2 

820 

128 

160 

272 

106-7 

138-8 

224 

86-8 

100-7 

318 

127-6 

169-4 

271 

106-2 

182-8 

228 

84-9 

1061 

818 

127-1 

168-9 

270 

106-8 

182-2 

222 

84-4 

105-6 

817 

120-7 

158-8 

269 

106-3 

181-7 

221 

84 

105 

816 

120-2 

167-8 

208 

104-9 

181-1 

220 

88-6 

104-4 

816 

125-8 

167-2 

207 

104-4 

180-0 

219 

88-1 

103-9 

314 

126-8 

166-7 

268 

104 

180 

218 

82-7 

108-8 

818 

124-9 

150-1 

206 

103-0 

129-4 

217 

82-2 

102-8 

812 

124-4 

165-0 

204 

108-1 

128-9 ' 

216 

81-8 

102-2 

811 

124 

165 

283 

1027 

128-8 

215 

81-3 

101-7 

810 

123-0 

164-4 

262 

102-2 

127-8 

214 

80-9 

101-1 

808 

128-1 

163-9 

201 

101-8 

127-2 

218 

80-4 

100-8 
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OOHYHBBION 07 TEE TimT URTiN T ThEEHOMETEJO SCALES. 
Table L— continued. 

Fahb. R um. Cent. Faha. Eenrm. Out* Fasx. Reran. Cent 


212 

80 0 

100-0 

211 

79-8 

99-4 

210 

791 

98-9 

209 

787 

98-8 

208 

78-2 

97-8 

207 

77-8 

97'2 

206 

77'8 

987 

206 

76-9 

961 

204 

76-4 

96*8 

208 

76-0 

96‘0 

202 

76-6 

94-4 

201 

761 

98-0 

200 

747 

98-8 

109 

74’2 

92-8 

198 

78-8 

92-2 

197 

78-8 

917 

106 

72-9 

911 

196 

72-4 

90-8 

194 

72-0 

90-0 

103 

71-6 

89-4 

192 

711 

88-9 

191 

707 

88-8 

190 

70-2 

87-8 

189 

69-8 

87-2 

188 

89-8 

86 7 

187 

68-9 

861 

186 

68*4 

86-8 

186 

68-0 

86-0 

184 

67-6 

84-4 

188 

671 

88-9 

182 

667 

88-8 

181 

86-2 

82-8 

180 

668 

82-2 

179 

66 8 

817 

178 

64-9 

811 

177 

64-4 

80-8 

176 

84-0 

80-0 

176 

68-8 

79-4 

174 

681 

78-9 

178 

627 

78-8 

172 

62-2 

77-8 

171 

81-8 

77-2 

170 

81-8 

767 

189 

60-9 

701 

168 

60-4 

76-6 

167 

80-0 

76-0 

188 

69-6 

74-4 

166 

601 

78-0 


164 

68‘7 

78-8 

163 

68-2 

72-8 

162 

67-8 

72-2 

161 

67-8 

71-7 

160 

66-9 

71-1 

169 

66-4 

70-6 

168 

66-0 

70-0 

167 

66-6 

69-4 

168 

66-1 

68-9 

166 

647 

68-8 

164 

64-2 

67-8 

168 

68-8 

67-2 

162 

68-8 

06-7 

161 

52-9 

66-1 

160 

62-4 

65-8 

149 

62-0 

66 0 

148 

61*6 

64-4 

147 

61-1 

68-9 

146 

607 

08-8 

146 

60-2 

02-8 

144 

49*8 

02-2 

148 

49-8 

61-7 

142 

48-9 

611 

141 

48-4 

00-6 

140 

48-0 

60-0 

189 

47-6 

60-4 

188 

47-1 

68-9 

187 

46-7 

688 

188 

46-2 

67-8 

186 

46-8 

57-2 

184 

46-8 

66-7 

188 

44*9 

60-1 

182 

44-4 

66-6 

181 

44-0 

66-0 

180 

48-6 

54-4 

129 

- 481 

58-9 

128 

42-7 

68-8 

127 

42-2 

62-8 

126 

41-8 

62-2 

126 

41-8 

61-7 

124 

40-9 

51-1 

128 

40-4 

50-0 

122 

40-0 

50-0 

121 

80-8 

49-4 

120 

89-1 

48-9 

119 

88-7 

48-8 

118 

88-2 

47-8 

117 

87-8 

47-2 


110 

87-8 

40-7 

115 

86-9 

40-1 

114 

86*4 

45-0 

113 

80-0 

46-0 

112 

85-6 

44-4 

111 

86-1 

48-0 

110 

84-7 

48-8 

100 

84-2 

42-8 

108 

83-8 

42-2 

107 

88-8 

41-7 

100 

82-9 

41-1 

106 

82-4 

40-6 

104 

82 0 

40-0 

108 

81-0 

89 "4 

102 

81-1 

88 -fi 

101 

80-7 

88-8 

100 

80-2 

87-8 

90 

29 8 

87-2 

98 

29-8 

807 

07 

28-9 

80-1 

06 

28-4 

86-6 

96 

28-0 

86-0 

94 

27-6 

34-4 

98 

27-1 

88-9 

02 

20-7 

83-8 

01 

26-2 

82-8 

90 

26-8 

82-2 

89 

26-8 

817 

88 

24-9 

81-1 

87 

24-4 

80-0 

86 

24-0 

80-0 

85 

2 E 6 

29-4 

84 

28-1 

28-0 

88 

22-7 

28-8 

82 

22-2 

27-8 

81 

21 ’8 

27-2 

80 

21-8 

267 

79 

20-9 

20-1 

78 

20-4 

26-0 

77 

20-0 

26-0 

70 

19-0 

24-4 

76 

19-1 

28-9 

74 

18-7 

28-8 

78 

18-2 

22-8 

72 

17-8 

22 ”2 

71 

17-8 

217 

70 

16-9 

21-1 

69 

10-4 

20-0 
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thhrmomhtbio tabt.br. 


CONVERSION- OF THE DIFFERENT ThBRMOMETBIO SoaLBU. 


Tab lb L— continued. 


Fake. 

Rea urn. 

Cent. 

Fake. 

Beinm. 

Cent. 

Fake. 

Beaum. 

Cant. 

68 

16 0 

20-0 

84 

0-9 

1-1 

0 

-14-2 

-17*8 

67 

16-0 

19-4 

88 

0-4 

0-0 

- 1 

-147 

-18*8 

66 

15-1 

18*9 

82 

o-o 

o-o 

- 2 

-16-1 

-189 

66 

14-7 

18-8 

81 

- 0-4 

- 0-0 

- 8 

-16-0 

-19*4 

64 

14-2 

17*8 

80 

- 0-0 

- 1-1 

- 4 

-16-0 

- 20 0 

63 

18-8 

17*2 

29 

- 1-3 

- 17 

- 5 

-10-4 

-20-0 

62 

18-8 

16*7 

28 

- 1'8 

- 2-2 

- 6 

-16-9 

-21*1 

61 

12-9 

16-1 

27 

- 2-2 

- 2-8 

- 7 

-17-8 

-21*7 

60 

12-4 

166 

20 

- 27 

- 88 

- 8 

-17-8 

-22*2 

60 

12-0 

16-0 

26 

- 8-1 

- 8-9 

- 9 

-18-2 

-22-8 

68 

11-6 

14-4 

24 

- 8-6 

- 4-4 

-10 

-187 

-28*8 

67 

11-1 

18-0 

23 

- 4*0 

- 5-0 

-11 

-19*1 

-28*9 

66 

10'7 

18-8 

22 

- 4-4 

- 6'0 

-12 

-19-0 

- 24*4 

66 

10-2 

12-8 

21 

- 4-9 

- 0-1 

-18 

-20-0 

-26*0 

64 

9-8 

12-2 

20 

- 6*8 

- 67 

-14 

-20-4 

— 26'0 

68 

9-3 

11-7 

19 

- 6*8 

- 7-2 

-16 

-20-9 

-20*1 

62 

8-9 

111 

18 

- 0*2 

- 7-8 

-16 

-21*8 

-207 

61 

8-4 

10-0 

17 

- 0-7 

- 8-8 

-17 

-21-8 

- 27*2 

60 

8-0 

10-0 

16 

- 71 

- 8-9 

-18 

-22-2 

-27*8 

40 

76 

9-4 

16 

- 7*0 

- 9*5 

-19 

-227 

-28*8 

48 

7-1 

8'0 

14 

- 8*0 

-10*0 

-20 

-28*1 

-28*9 

47 

6-7 

8-8 

IS 

- 8*4 

-10*0 

-21 

-28*6 

-29*4 

46 

6-2 

7-8 

12 

- 8*9 

-11*1 

-22 

-24-0 

-80*0 

46 

6-8 

7-2 

11 

- 9-8 

-117 

-23 

-24-4 

-80-0 

44 

6-8 

0-7 

10 

- 98 

-12-2 

-24 

-24-0 

-81*1 

43 

4-0 

0T 

9 

-10 -2 

-12-8 

-25 

-25-8 

-817 

42 

4-4 

6*6 

8 

-10-7 

-18-8 

-20 

-26-8 

-82*2 

41 

4‘0 

6-0 

7 

-11-1 

-18-0 

-27 

-26-2- 

- 82*8 

40 

8-6 

4-4 

0 

-11-0 

-14-4 

-28 

-20 7 

-88*8 

80 

8-1 

8*9 

6 

-12-0 

-15-0 

-29 

-27*1 

-88*9 

88 

2-7 

8-8 

4 

-12-4 

-16-6 

-80 

-27*6 

-84*4 

87 

2-2 

2-8 

8 

-12-9 

-10-1 

-81 

-28 0 

-86*0 

86 

1-8 

2-2 

2 

-18-3 

-107 




86 

1-3 

1*7 

1 

-18-8 

-17-2 





O ON VERSION OF 

THE DIFFERENT ThBRMOMBTRIO SCALES. 





Table II. 




Cjott. 

Beaum. 

Fahr. 

Cbht. 

RftMim . 

Fahr. 

Ourr. 

Rs&nm. 

Fahr. 

260 

208 

600 

262 

201*6 

485-6 

244 

195*2 

471*2 

269 

207*2 

498-2 

251 

200-8 

488-8 

248 

194-4 

409*4 

268 

206*4 

490-4 

260 

200 

482 

242 

198-0 

407*0 

267 

206-6 

404-0 

249 

109-2 

480-2 

241 

192*8 

406*8 

266 

204-8 

492-8 

248 

198-4 

478-4 

240 

192 

464 

266 

204 

491 

247 

197-0 

470'0 

289 

191*2 

462*2 

264 

208*2 

489-2 

246 

190-8 

474-8 

288 

190*4 

400*4 

268 

202-4 

487*4 

246 

190 

478 

287 

189*0 

458*6 
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CONTBBBION 01 THB DEFTBBBFT TflBEltOMBTHIO S OAUM, 
T able IL— ■contvrLM&d, 


Chorr . 

Beanm . 

Pflhr . 

286 

188-8 

466-8 

286 

188 

456 

284 

187-2 

463-2 

288 

186-4 

461*4 

232 

1866 

449-6 

231 

184-8 

447-8 

280 

184 

446 

229 

188-2 

444-2 

228 

182-4 

442-4 

227 

181-6 

440-6 

226 

180-8 

488-8 

226 

180 

487 

224 

179-2 

485-2 

228 

178-4 

488-4 

222 

177-6 

481-6 

221 

176-8 

429-8 

220 

176 

428 

219 

176-2 

426-2 

218 

174-4 

424-4 

217 

178-6 

422-6 

216 

172-8 

420-8 

216 

172 

419 

214 

171-2 

417-2 

218 

170-4 

416-4 

212 

169-6 

418-6 

211 

168-8 

411-8 

210 

168 

410 

209 

167-2 

408-2 

208 

166-4 

406-4 

207 

166-6 

404-6 

206 

164-8 

402-8 

206 

164 

401 

204 

168-2 

899-2 

208 

162-4 

897-4 

202 

161-6 

896*6 

201 

160-8 

898-8 

200 

160 

892 

199 

169-2 

890-2 

198 

168-4 

888-4 

197 

167-6 

886-6 

196 

166-8 

384-8 

196 

166 

883 

194 

166-2 

881-2 

198 

164-4 

879-4 

192 

168 6 

877-8 

191 

162-8 

876-8 

190 

162 

874 

189 

161-2 

872-2 


OraT. Rej.um. Fahr. 


188 

150-4 

870-4 

187 

149-6 

868-6 

186 

148-8 

866-8 

186 

148 

865 

184 

147-2 

868-2 

183 

146-4 

361-4 

182 

145-8 

859-6 

181 

144-8 

857-8 

180 

144 

866 

179 

143-2 

864-2 

178 

142-4 

852-4 

177 

141-6 

360-6 

176 

140-8 

848-8 

176 

140 

847 

174 

189-2 

845'2 

178 

188*4 

848-4 

172 

137-6 

841-6 

171 

138-8 

839-8 

170 

186 

838 

169 

185-2 

886-2 

188 

184-4 

884-4 

167 

188-8 

882-6 

166 

182-8 

880-8 

166 

182 

829 

164 

181-2 

827-2 

168 

180-4 

826-4 

162 

129-8 

828-6 

161 

128-8 

821-8 

160 

128 

820 

159 

127-2 

818-2 

158 

126-4 

816-4 

157 

126-6 

814-6 

156 

124-8 

812-8 

156 

124 

811 

154 

123-2 

809-2 

168 

122-4 

807-4 

162 

121-6 

805-6 

161 

120-8 

803-8 

150 

120 

802 

149 

119-2 

800-2 

148 

118-4 

298-4 

147 

117-6 

296-6 

146 

118-8 

294-8 

146 

118 

293 

144 

115-2 

291-2 

148 

114-4 

289-4 

142 

118-6 

287-0 

141 

112-8 

285-8 


Cm . 

Beanm . 

Fahr. 

140 

112 

284 

189 

111-2 

282-2 

183 

110-4 

280-4 

137 

109-6 

278-6 

136 

108-8 

278-8 

185 

108 

276 

184 

107-2 

278-2 

133 

106-4 

271-4 

182 

106-6 

269-6 

181 

104-8 

267 8 

180 

104 

266 

129 

103-2 

264-2 

128 

102-4 

262-4 

127 

101-6 

260-6 

126 

100-8 

268-8 

126 

100 

267 

124 

99-2 

266-2 

128 

98-4 

268-4 

122 

97-6 

261-6 

121 

96-8 

249-8 

120 

96 

248 

119 

96-2 

246-2 

118 

94-4 

244-4 

117 

98-6 

242-6 

116 

92-8 

240-8 

116 

92 

239 

114 

91-2 

287-2 

113 

90-4 

236-4 

112 

89-6 

238-6 

111 

88-8 

281-8 

110 

88 

280 

109 

87-2 

228-2 

108 

86-4 

226-4 

107 

85-6 

224-6 

106 

84-8 

222-8 

105 

84 

221 

104 

83-2 

219-2 

108 

82-4 

217-4 

102 

81-6 

216-6 

101 

80-8 

218-8 

100 

80 

212 

99 

79-2 

210-2 

98 

78 ; 4 

208-4 

97 

77-6 

206-6 

96 

76-8 

204-8 

95 

76 

208 

94 

75-2 

201-2 

98 

74-4 

199-4 


160 


THBBMOMBTBIO TABLES. 


CONVSBBION OF THB DIFFBBJDrr TkBBAIOKBTBIO BoAIjHS. 
Tablb IL — continued. 


Oeitt . 

fieaum . 

Fair . 

Osn . 

Rwim 

Fair . 

Oett . 

Re * am . 

Fair . 

92 

73-8 

197-6 

49 

89-2 

120-2 

6 

4-8 

42-8 

91 

72-8 

196-8 

48 

88-4 

118-4 

5 

4 

41 

90 

72 

194 

47 

87-0 

110-6 

4 

8-2 

89*2 

89 

71-2 

192-2 

46 

80'8 

114-8 

8 

2-4 

87-4 

88 

70-4 

190-4 

45 

80 

118 

2 

1-0 

85-0 

87 

69 -fl 

188-0 

44 

85-2 

111-2 

1 

0-8 

88-8 

86 

68-8 

180-8 

43 

84-4 

109-4 

0 

0 

82 

86 

68 

185 

42 

83-6 

107-6 

-1 

- 0-8 

80-2 

84 

67-2 

188-2 

41 

32-8 

105-8 

-2 

- 1-6 

28-4 

88 

66-4 

181-4 

40 

82 

104 

-3 

- 2-4 

20-0 

82 

06-6 

179-0 

89 

81-2 

102-2 

- 4 

- 3-2 

24-8 

81 

04-8 

177-8 

88 

80-4 

100-4 

-6 

-4 

23 

80 

04 

176 

37 

29'6 

98-6 

-0 

- 4-8 

21*2 

79 

08-2 

174-2 

30 

28-8 

96-8 

-7 

- 6-0 

10-4 

78 

62-4 

172-4 

36 

28 

95 

-8 

- 0-4 

17-0 

77 

61-0 

170-6 

84 

27*2 

93-2 

-9 

- 7-2 

16-8 

76 

00-8 

103-8 

88 

20-4 

91-4 

-10 

-8 

14 

76 

60 

107 

82 

26-0 

89-6 

-11 

- 8-8 

12-2 

74 

69-2 

166-2 

81 - 

24-8 

87-8 

-12 

- 9-0 

10-4 

78 

68-4 

103-4 

80 

24 

80 

-18 

- 10-4 

8-0 

72 

67‘0 

181-6 

29 

28*2 

84*2 

-14 

- 11-2 

0-8 

71 

66-8 

169-8 

28 

22-4 

82-4 

-16 

-12 

6 

70 

60 

168 • 

27 

21-8 

80-6 

-10 

- 12-8 

8-2 

69 

66-2 

160-2 

26 

20-8 

788 

-17 

- 13-0 

1-4 

68 

64-4 

154-4 

25 

20 

77 

-18 

- 14-4 

- 0*4 

67 

63-0 

152-0 

24 

19-2 

75-2 

-19 

- 15-2 

- 2-2 

66 

62'8 

150-8 

28 

18-4 

78-4 

-20 

-10 

-4 

66 

62 

149 

22 

17-6 

71-8 

-21 

- 16-8 

-68 

64 

61-2 

147-2 

21 

10-8 

09-8 

-22 

- 17-6 

- 7-6 

68 

60-4 

145-4 

20 

16 

68 

-28 

- 18-4 

- 9-4 

62 

49-6 

148-6 

19 

15-2 

60-2 

-24 

- 19-2 

- 11-2 

61 

488 

141-8 

18 

14-4 

04-4 

-26 

-20 

-18 

60 

48 

140 

17 

18-6 

62-6 

-20 

- 20-8 

- 14-8 

69 

47-2 

188-2 

16 

12-8 

00-8 

-27 

- 21-0 

- 16-0 

68 

46-4 

138-4 

15 

12 

59 

-28 

- 22-4 

- 18-4 

67 

46-6 

184-0 

14 

11-2 

57-2 

-29 

- 23-2 

- 20-2 

66 

44-8 

132-8 

13 

10-4 

65-4 

-80 

-24 

-22 

66 

44 

181 

12 

9-6 

53-0 

■•81 

- 24-8 

- 28-8 

64 

48-2 

129-2 

11 

8-8 

51-8 

-82 

- 25-6 

- 26-0 

68 

42-4 

127-4 

10 

8 

50 

-88 

- 20-4 

- 27-4 

62 

41-6 

126-0 

9 

7-2 

48*2 

-84 

- 27*2 

- 29-2 

61 

40-8 

123-8 

8 

0-4 

46-4 

-85 

-28 

-81 

60 

40 

122 

7 

5-6 

44-8 
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INDEX 


Alcohol Calculations, 

Alcohol, Correction for Temperature, 
Alcohol Tables, 

Alkaline Permanganate Solution, 
Ammonia, ap. gr. of, 

Ammonium Molybdate Solution, 
Approximations, . 

Aqueous Vapour, Tension o£ 

Areas and Yolumas of Bodies, . 
Araenio in Pood, . 

Atomic Weights, . 

Bam Gallon, 

Barometrio Tables, 

Baumi’a Hydrometer, 

Beer Analysis Tables, 

Beer, Original Grayity of, 


Bi-rotation, 

Blunt’s Modification of Tabarie’s Formula, 
Butter Analysis Tables, . 

Butter Regulations, 

Calorie, the, 

Caloriflo Power of Fuel, . 

Chicory in Coffee, 

Computation, 

Ouprio Reducing Power, . 

Data, Various Usefol, 

Densities of Common Snbstauoes, 

Drams per lb. into Percentage, . 

Electrical Units, . 

L 
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DTDHX, 


Electro-ohemical Equivalents, .... 
Factors, Yarioua Useful, .... 

Folding's Solution, . 

Food Units, 

Foreign MoneyB and their Equivalents, . : 

Foreign Weights and their Equivalents, 

Freezing Mixtures, . 

Gallisin, 

Gases, Coefficients of Absorption of, in Water, 

Gases, Correction of Volumes for Temperature, 

Gases, Densities of, • 

Glycerine, sp. gr. of, 

Gravimetric Factors, . . . • • 

Hardness of Water, Reagents for, 

Hardness of Water, Table of, ... 

Heat, Data in, 

Herafeld’s Method of Inversion, 

Hydrochloric Aoid, sp. gr. of, . 

Indicators, Notes on, • 

Indirect Analysis, Examples of, ... 

Jonle, the, • •••■' 

11 K,” Values of;. 

Kjeldahl Table, 

Latent Heat of Water and Steam, ■ 

Lead in Citric and Tartaric Acide, 

Logarithmic Factors, Ubs of, 

Logarithmic Tables, • • ■ • 

Logarithms, Notes on, . 

Magnesia Mixture, ..... 

Melting Points of Metals, • 

Mercury Vapour, Tension of, . • • 

Micron, ...■••• 
Mil . • • • • 

Milk Analyses, Calculation of Results of, 

Milk Regulations, • 

Milk, sp. gr. of, . ■ • ■ 

Milk, Table giving Deficiency of Non-fatty Solids in, 
Milk, Table giving Fat Defioienoy in, 
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158 

81 

109 
131 

82 

02 

64 

110 
29 
07 

7 

78 

8 

80 

80 

. 160 
106 
78 
62 
40 

160 ( note ) 
111 
180 
160 
147 
89 
2 
32 
54 
7 

70 

67 

57 ( note ) 

142 

143 
146 

144 
144 
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PA9B 

Molecular Rotation, 


102 

Multirotation or Mutarotatlon, 


102 

Nessler’a Solution, .... 


79 

Nitrates by Crum’s Method, Example of, 


94 

Nitrates in Water, Determination of, 


86 

Nitrio Add, Hp. gr. of, . 


78 

Nitrogen into Ammonia and Albuminoids, 


128 

Nitrogen into Casein, Gelatin, eto, 


181 

Nitrogen, reduotion of o.o. to grams, . 


83 

Nitrometer Analysis, .... 


28 

Normal Solution, Definition of, . . 


22 

Obscuration of Spirits, .... 


117 

Oils, Fats, and Waxes, Constants of, 


184 

Oils, Fats, and Waxes, Definitions of, 


182 

Oxygen, Dissolved, amount of in Distilled Water, 


97 

Parts por 100,000 into grains per gallon, 


91 

Percentage Compositions, Table of, 


42 

Percentage into owts., qra., and lb. per ton, etc., 


64 

Phosphate Tables, .... 

• 

121 

Polarimeter Readings, reduction of minutes to decimals of degree, 

108 

Potash, Oaustio, sp. gr. of, 

. 

76 

Potassium and Sodium Chlorides, Indirect Determination of, 

40 

Preoipitating Powers of Reagents, 


64 

Prescriptions, Signs nfled in Medical, 

. 

61 

Preservatives in Food, .... 

146, 149 

Preservatives in Milk and Cream, 

. 

146 

Proof Spirit, ..... 


116 

Proteins, Factors for, .... 


131 

Quinine, ...... 


146 

Quinine, Tincture of, 


146 

Quintal, 


60 

Reciprocals, Table of, 


80 

Rectified Spirit, . 


116 

Reichert-Mei&sl Values of Oils and Fats, 


187 

Salt in Beer, . 


99 

Saponification Equivalent, 


188 

Saponification Values of Oils and Fata, Table for, 


187 

Saturated Solutions of Salts, Strength of, 

. 

77 
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INDEX, 


Sewage Effluents, Standards for, 

Soda, Caustic, sp. gr. of, 

Specific Rotatory Power, .... 
Speoiflc Rotatory Power, Examples of, 

Spirits, Rules for finding Dilation of, . 

Standard Solutions, Correction for Temperature, 

Staroh Indicator, ..... 

Snlplrario Add, sp. gr. of,. 

Thermo-Chemistry, Data in, 

Thermometric Degrees, Rules for Conversion of, 
Thermometrio Tables, -. 

Thompson’s Oaloriiueter, .... 

Thresb's Staroh Solution, .... 

Ton, Metric, ...... 

Tunnerio Paper, ...... 

TwaddolTa Hydrometer, ..... 

Useful Factors and Data, .... 

Volume trio Factors, ..... 

Water Analysis, Reagents for, 

Water Analysis Results, Calculation of, 

Water Analysis Results, Method of Recording, 

Water Analysis, Tables for, .... 

Water, Volume and Density at Different Temperatures, 
Water, Weight of 1 oubic inoh, foot, and yard of, 

Weights and Measures, ..... 
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